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(57) Abstract 

Tlxis Invention concerns compounds for inhibiUng intmcellular signal transduction, especially IntrBCcUular signal ^^^^^^^ 
of the compounds. The compounds arc of formula G) as defined herein. 
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Field of the Invisntion 

TOs InvenUon concerns a new class of compounds which have a broad range of 
useful biological and pham«oological activities. In particular, these compounds are useful 
for inhibiting Intraceilular signal transduction. espeoia«yimn«»llularsig^ 
mediated by one or more molecular Interactions involving a phosphotyrosine-contfiining 
protein. This invention also relates to phamiaceuticai compositions containing the 
compounds and prophylactic and therapeutic methods involving phamiaceuticai and 
veteiinaiy administration of the compounds. 

Background of the Invention 

Cellular signal transduction, i.e., the series of events leading from extracellular 
events to intracellular sequelae, Is an aspect of cellular function in both nomial and disease 
states Numerous proteins that function as signal transducing molecules have been 
identified, including receptor and non-receptor tyrosine kinases, phosphatases and other 
molecules with enrymatio or regulatory activities. These molecules generally demonstrate 
the capacity to associate spocifioayy with other proteins to forni a signaling complex that 

can alter cell activity. 

Signaling proteins often contain domain(s) of consenred sequence which constitute 
catalytic domains such as kinase or phosphatase domains, or seive as no^catalytio 
modules that direct protelreprotein or other inter- orintramolecuiar interactions dunng signal 
transductioa Such dotnabis include anwng others. Sro homology 2 rSH2^ and 
phosphotyrosine interaction ("PH domains. SH2 and PI domains recognize. i.e.. bind to. 
proteins containing characteristic peptide sequences which include one or more 
i phosphotylated tyrosine fpTyr^ residues. Significant information related to such 
domains, proteins containing them, the production of proteins containing such domains 
(including protein fragments and fusion proteins), the characteristic peptide sequences 
which they recognize and the biological and/or dlnical role played by the interactions of 
such proteins has been described in the sdentMc literature. See e.g. US 5667980. 
0 PCT/US97/02635 (Xell-Based Assays and WO 97/39326 fin Vitro Ruorescence 
Polarization Assays and references cited therein for additional background infomrauon on 
SH2 and PI domains, inhibition of intemwlecuiar interactions mediated by such domains, 
assays and related topics. 
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-me protein domains of the tyrosine kinase. Src. gave rise to the "Src homolo^ 
rSH") nomenclature and illustrate tWs dass of proteins. At least nine members of the Sro 
family of tyrosine kinases have been identified to date in vertebrates including Src 
(alternatively known as o-src and ppBOc-src), Fyn. Yes. Lyn. Hck. Fgr. BIk and Y,k. 
Sequence analysis of the Src tyrosine kinases reveals that each family member contains 
an N-temunal membrane anchor, a pcorty consen/ed "unique" region of 40-70 ammo ackls. 
a Sro homology 3 (SH3) domain of about sixty amino acids capable of protein-prote.n 
rnteraotionsSprdine-rtch sequences andaSrohomology2(SH2) domain ^^^^^^^^ 

about 1 00 amino acid residues which mediates binding of the Src family member of 
phosphotyrosine-(pTyr) containing peptides and proteins (reviewed in Supertj-Furga. 
FEBS Lett. 369:62-66 (1995). Several cognate phosphoproteins known to b>nd the Src 
SH2 domain indudemiddleTantigen.PDGFreceptor.EeF receptor, and focaladi^-on 

kinase (FAK). See Courtneidge et al. J. Virol. 65:3301-3308 (1991): Moi et al. EMBO J. 
T^-^L (1993); Umrell et al. Proc. Natl. Acad. Scl. USA 91:83-87 (1 994); and Xmg 
et al m Biol. Cell 5:413^21 (1994). For additional Infomnation on oUier SH2 domains 
(including, e.g.. ZAP-70. Syk. She. Tsk. Btk. VAV. (MZ. Crk. STATs) and PI domam- 
oontaining proteins, see WO 97/39326 and references cited therein. 

The molecular stnicture of several SH2 domains has been solved and, in 
particular, the molecular stmcture of certain SH2 domains in complex with a 
phosphotyrosine-contalnlng peptide or peptide analog has been eluddated. See 
Waksman et al. Cell 72:779-790 (1993); Xu etal. Biochemistiy 342107-2121 (1995); 
Hatada et al. Nature 377(6544). 32-38 (1995). Whereas the general consensus sequence 
of Src family SH2-binding peptides, for example, comprises a pTyr-X-X-(Leuflle) m% 
SH2 domain binding spedfwiity is thought to be influenced significantly by the spedfic 
amirx) adds kxsated carboxy-temiinal to the pTyr residue. For example, the pp60c-src, 
Z and pgr SH2 domains prefer tine sequence pTyr-GIu^iu-lle. See Songyang et 
al Cell 72:767-778 (1 993). Crystallogtaphio data concerning pp60o-6io SH2 In oomplwc 
wJth synthetic peptides has revealed, in particular, two important binding detemSnants for 
binding to phosphotyrosine-cont^ning proteins or peptides: the phosphotyro^^^^^^ 
3 stte whteh is eleclrapositive in nature such thai phosphotyroslne binding is stabilized and 
ttie lipophilic binding site whidi stabilizes binding of pTyr43 residiws within the 
phosphotyroslneH^ntaining peptides via hydrophobic contacts. Reviewed by Brown 
and cooper. Bioohim.Biophys. Acta 1287 (2-3):121-149 (1996). 

SUu^ral studies of phosphotyrosine^nlaining peptides complexed with isolated 
B SH2 domains has provkled infom^tion regarding tine molecular interactions of peptide 
ligands wiU, the SH2 domain peptidyl binding site. Recent attempts have been rmde o 
«drapolate these data to design novel peptide Ugands and peptidomimetic agonlste of 
SH2^iateddgnaling. For example. Piummer etal reported thatlnco^^^ 
temtinalD-arttinoaddreskluestot.ipepttdeSH2domainligandslncrea8esaffmrtyrete^^ 
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to their L-amino add-containing counterparts. See Rummer et al. Drug Design Discovery 
13:75-81 (1996). Burke et al reported that hexapepUdes containing difluoro- 
(phosphonomethyl)phenylalanine bound SH2 domains with high relative attinity 
compared to analogous pTyr peptides and were resistant to naturaliy-ooourring cellular 
5 phosphatases. Studies of the pTyr residue of peptide agonists of the Sro SH2 domain 
have shown that that phosphate ester is important for molecular recognition, and that 
significant loss in binding occurs when it is replaced with sulfate, carboxylate. nitro. 
hydroxy or amino groups. See Gilmer et al. J Biol Chem 269:31 711-31719(1 994). 
Many signaling patiiways which play critical roles in disease processes are 
10 mediated by Uie binding of a phosphotyrosine^xjntalning protein or protein domain with 
an SH2 or oUier protein receptor for a tyrosine-phosphoiyiated domain. Phamiaceutical 
agents which interfere with signaling mediated by such molecules, e.g.. which interfere 
with the formation or stability of such signaling complexes, may be used for precise 
Intervention in these complex biological processes in order to treat or prevent the diseases 
15 or pattiological effects mediated by such signaBng. Such interference may be achieved 
ttirough a variety of mechanisms, including competitive inhibition of a phosphotyrosine- 
containing ligand witti its receptor (e.g., with an SH2-containing protein), inhibition of 
phosphorylation of the tyrosine residue of such a ligand. inhibition of activation of a kinase 
which catalyzes the phosphorylation of a Ugand in a signaling pathway, etc. 
2D Compounds ttiat can enter cells and block a signal transduction pathway of 

interest, such as an SH2-mediated paUiway. would be of great interest as reagents for 
btological research and for pharmaceutical and veterinary uses. 



a Summary of the Invention 

This invention oonoems compounds of Fomujia I. or phamiaoeuticaliy acceptable 
derivatives thetBOf: 
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Gis-0-,-S-or-NR-: 

5 comprises -APO3RR'. -OPOgRR*. -ASO3R. -OSO3R. -ACOgR. -A-tetrazole, 
-ASO2NRR', -ACOCF3, -{C=0)J, -C(R){J)(K) or -C(2)(J)(K); 

where each occurrence of A is independently a oovalent bond, -G-M- or -{M)„-; 

10 each occurrence of M is an independently selected, substituted or unsubstituted. 

methylene moiety, and any M-M' moiety may be electronically saturated or unsaturated 
and/or may be part of a 3-8-membered ring. Illustrative "M" moieties include -CHg-. 
-CHF-, -CFg-, -CHOH-, -CH(Me)-, etc. 

15 Each n is independently 0, 1 . 2. 3. 4 or 5 (in many embodiments n is 0, 1 or 2); 

each m is independently 0, 1 or 2; 

J and K are independently selected from the group consisting of -APO3RR . 
25 -OPO3RR', -ASO3R. -OSO3R. -ACOgR. ~A-tetrazole, -ASO^NRR', -(M)„NRR* 
and -<M)nOR; 

Z is a halogen (i.e.. F, CI, Br or I); 

S R^ and R« are independently R, -CN, -NO2, Z, J. -A(M)„aliphatic. -G(M)„aliphatic . 
KM)„COR (including e.g., -(WD^COCFg). -(M)„OR, -(M)„COOR. -A-(M)„NRR , 
-G-(M)qNRR'. -(M)„CHO, -A{M)„N(R)(CO)R', -A(M)„N(R)(CO)GR'. 
-G(M)qN(R){CO)R\ -G-(M)qN(R){CO)G*R\-A-(M)„-CO-NRR. or 
-G-(M) -CX)-NRR\ where the aliphatic groups may be substituted or unsubstituted; or 
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r8 is a covalent bond to an substituent of X forming an aliphatic, aryl or heterocyclic 
ring of 4 to 8 atoms (including, for example a SHTiembered nitrogen-containing ring of an 
indole moiety); 

Each occurrence of R (unnumbered) represents hydrogen or an aliphatic, heteroaliphatic. 
aryl heteroaryi. (atyl)aliphatic^. or (heteroaryl)aliphatic- moiety, each of which (other than 
hydrogen) may be substituted or unsubstituted. e.g.. with any of the various substrtuents 
listed, illustrated or othenwise disclosed herein. While each occurrence of «R" within a given 
compound is thus independently selected, where multiple R groups are depicted in the 
same figure or moiety, the various R groups are generally mari<ed R. R'. R" and so on, as 
a reminder that they may be the same or different. (The same is true in the case of 
numbered "R" groups and other variables such as "m". "M". etc. where apostrophes 
are used for the same purpose. Note also that the n M groups In a "M^" moiety may be 
the same or different from one another.) 

q is an integer from 1 to 8, and in many embodiments is 1 . 2 or 3; 

is hydrogen. aliphatic.-{M)„M5ycloaliphatic. -(M)„-aryl. or-(M)„-^eterocyclic. each of 
which other than H. may be substituted or unsubstituted (including, e.g. with moieties 
such as ^M)„C02R. -(M)„C(0)NRR'. -<M)„Z. -(M)„CN, -(M)„tetrazole. etc.): 

r2 is hydrogen or substituted or unsubstituted aliphatic, which is optionally covalently 
linked with to fomn a ring; 

or R^ or are covalently linked to B or to a substituent of B to form a 4 - 10-membered 
ring (which may be saturated or unsaturated); 



r3 is hydrogen. R(CO)NR'-. RRN(CO)NR"-. R'SO^NR-. R'CSNR-, RR 'NCSNR"-, 



Xls: 




RR'NSOgNR"-. R'OCONR-. RR'N-, or 
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R* is hydrogen, aliphatic (which may be branched, unbranched or cyclic), 
cycloaIlphatio-(M)„-. aryKM)n- heterocyclio-(M)n- RSOglMn)- , (C02R)(M)„- or 
(RR'N-CO)(M)n. where the aliphatic, cycloaliphatic. aryl and heterocyclic groups are 
substituted or unsubstituted; 



10 



Bis 



R 

where 



R®' r"*** and r" are independently selected from -(M)„R, -G(Mj^)R, -(M)„Z, 
-(M)„CN, -{M)nGR, -{M)„NRWR, -{M)„NRW-GR, -(M)„W-R, -G-{M)„W-R, and 

15 -{M)nW-<3R, and include moieties such as . -OCMJaliphatic, -0(M„)cycloariphatic, 
-0(M„)heterocyclic and -0(Mn)aryl, where the aryl, heterocyclic, aliphatic and 
cycloaliphatic moiety may be substituted or unsubstituted, as well as moieties such as R, 
-OR, -SR, -CHO, -COR. -COOH (or amide, ester, carbamate, urea, oxime or carbonate 
thereof). -NH^ (or substituted amine, amide, urea, carbamate or guanldino derivative 

2D therof). halo, trihaloalkyi, cyano. -SOg-CFg. -OSO/. -0S(0)2R. -SOg-NHR, - 

NHSOgR. sulfate, sulfonate, atyl and heteroaiyl moieties. Alternatively, R''^ and R^^ are 
covalently linked together to fomi an aliphatic, hetercyclic or aryl fused ring, typically of 5 - 
7 members. For example, in some embodiments, R^° and r" comprise -G-(M)^-G as 
illustrated by the following structure for B where, for the sake of example, each M is 



-CHg-andnis 3: 
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Where in some cases G is -0- and G' is -S-, for example. 

Ri2 and are Independently selected from the group consisting of hydrogen, 
aliphatic, heteroaliphatic. aryl. heteroaryl. (aryDaliphatic-. or (heteroaryl)aliphatlc. each of 
which (other than hydrogen) may be substituted or unsubstituted; (Including e.g.. 
hydrogen, aliphatic. -M„-cycloaliphatic. -M„-aryl. -M„-heteroaryl. or -M^COgR. where 
the aliphatic, cycloaliphatic. aiyl or heteroaryl moietyOes) Is(are) substituted or 
unsubstituted) or R^^and R« are covalently linked together to fomi a heterocyclic moiety; 

p}^ is R (and is preferably H):and. 

U and W are independently -CO-, -CS-. -M-, -SO-, or -SOg-. 

In embodiments in which R« is (H^OgFj^CH-. particularly where and R« are H, B is 
-C(0)NRR\ and X is -CHNR-. R^ is other than a hydroxamic acid-containing moiety 
(i.e., does not comprise -NHOR where R is H. substituted or unsubstituted benzyl, 
trialkylsilyl. t-butyldiphenylsilyl. tetrahydropyranyl or t-butyl)). 

Also, m embodiments in which Y is of the structure (a), shown above, where R^ is 
-OPOgRR. -CF2PO3RR' -CH2PO3RR . -SO3R. -OSO3R. -CH2SO3R. -SO2NH2, 
or -CH2SO2NH2; and B Is -C{0)NRR' or 



rW R" 

where is H, Z or alkyl: is H. alkyl. -OR. -0(CH2)„aryl. -NRR'. 
-0(CH2)„-«ubstitiJted alkyl. -SR. -0(CH2)„-substituted aryt or -(CH2)„-cycloalkyl; 
R^o is H. substituted or unsubstituted alkyl. -OH or -NHj. where the R groups are 
independently H. alkyl. cycloalkyi -{CHj)^- atyl -(CHg)^- heteroaryKCHz)^-. or 
-<CH2)(CH2)n-COOH. where the alkyl. cydoalkyl. aryl and heteroaryl moieties are 
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substituted or unsubstituted, then and are both a moiety other than H or Me, or R^ 
is a moiety other than a (including in the cases of pharmacuetically acceptable sals, 
amides, esters or prodrugs thereof). 

5 CJompounds of Formula I thus include compounds having the following structures: 




and comprise a number of subgenera of particular interest Representative subgenera are 
illustrated in the examples which follow. 

10 

One subgenus includes compounds in which at least one moiety is H and at least one 
R^ moiety is either H or NH2. Compounds of the latter sort Include those in which X is 

NH2 

15 Also of interest are the subgenera of compounds In which the nitrogen atom of the moiety 
X is further elaborated, as depicted below: 

Where R^ comprises a substituted or unsubstituted, lower (i.e., containing 1 - 8 carbon 
20 atoms) aliphatic or alkoxyt group, or is a substituted or unsubstituted -{Mj^-aryl or 

-(M)n-heterocyclic (including e.g., substituted and unsubstituted phenyl or benzyl group, 
or a homolog and heterocyclic analog thereof. Including e.g., 2-naphthyl, 3-indolyt, and 1 - 
imidazolyl); 
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Such compounds are further illustrated by the subset thereof in which comprises 
-(Mj^CHg. -(Mj^aryl, -(M)nheterocyclic, ~{M)„CN, -(Mj^COOR. where n is 0, 1, 2. 3, 4. 

or 5. For instance, in some such compounds is a substituted or unsubstituted methyl, 
ethyl, n-propyl, i-propyl, n-butyl, sec- butyi, t- butyl, n-pentyl, seo- pentyl, i-pentyl, 
5 cydo pentyl, etc. or benzyl moiety. In other such compounds R^ comprises -(CH^j^CH^, 
-(CHgXCHgjnaryl, -(CH2)(CH2)nheterocyclic, -(CH2)(CH2)nCN or 
-(CHgXCHgjnCOOR, where n again is 0, 1 , 2, 3, 4, or 5. Examples of such compounds 

include those in which R^ comprises -CHgCN, '(CH^)COjr{, -(CHgjgCOgR, 
-(CH2)3C02R, -(CH2)4C02R, where R is H, lower alkyi or benzyl and those In which 
10 R^ comprises -CHsubstituted or unsubstituted lower alkyI or benzyl). 

Another subgenus of interest includes amides of the fomfiula: 




15 

where is hydrogen, substituted or unsubstituted aliphatic (which may be branched, 
unbranched or cyclic, but preferably does not contain a hyroxamic acid moiety, -NHOR, 
where R Is 1^, a subsituted or unsubstituted benzyl, triaticyisiiyi, t=butyldiphenyisilyt, 
tetrahydropyranyl or t-butyl group), substituted or unsubstituted aryl-(M)^-, substituted 
2D or unsubstituted heterocyclio-{M)„-, or (C02R)(M)^-. Such compounds are illustrated by 
those in which Is -(M)^(CO)OR. '-(fA)^SOJR, -(M)„(C0)NRR'. or -{M)^(tetra20le), 
including, for example, compounds in which R^ is -CH2COOR, -CH2SO2R, 
-^H2(C0)NRR', or-tetrazole. Simple members of this subgenus are those in which the 

R group(s) of R^ is (are independently) H, lower alkyl (e.g., methyl, ethyl, n-propyl, 
S isopropyl, n-butyl, isobutyl, tbutyi, etc.) or benzyl. 

Another subgenus includes ureas of the formula: 
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where R^, R^, R*. R***, Y and m are defined as above. Thus, R^ may be simply H or 
may be a more complex R^ moiety such as are noted above. 

5 

Another subgenus Includes amides of the formula: 



10 In many examples of the foregoing compounds, one or wore R moieties (R*. R" etc) are H. 
Also, In many compounds of Formula I of Interest, R^^ is H. 

One subgenus of interest includes compounds of Fonnula I, including the examples 
described or illustrated above, in which m is 1 , R** is H, and R^ comprises H, -(M)^H, 
IS -(M)„-(substituted or unsubstituted lower alkyi). -(M)„-<substituted or unsubstituted 
aryl). -(M)n-(substituted or unsubstituted heterocyclic), -(M)„-COOR. or 
-(M)^{CO)NRR*. That subclass is illustrated by compounds in which R^ is H, and R* Is 

methyl, ethyl, i-propyl. n-propyl, n-butyl, isobutyl, n-iamyl. seo-amyl, isoamyl, 
substituted benryl. -CHg-^a-indoIyl). -CH2-(4Hmidazolyl), -^HgCHgCOOR, 
2D -CH2CH2CONH2, -CH2COOR or -CH2CONH2. 

Another subgenus includes compounds of Formula i, Including compounds of the sort 
described or Illustrated above, in which R^ and R^ are independentiy selected, 
substituted or unsubstituted lower aliphatic groups, usually of 1 - 8 contiguous carbon 
25 atoms, or R^ and R^ are covalentiy linked to each other to fonn a ring, which may be a 
substituted or unsubstituted, aliphatic or heterocyclic ring or ring system (e.g. a bicyclic 
moiety), generally containing 3 • 10 annular atoms. Compounds containing an 
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unsubstituted 3-10-membered ring are illustrated by the following fomfiula. where q is an 
integer from 1 to 8: 




Another subgenus includes compounds of Formula I, including the examples described or 
illustrated above, in which m is 2, and each of r\ tO\ R^, and R^' is independently 
selected from H, -KWIj^H. -(M)„(lower alkyi), -(M)n(aryl). -(M)n-{heterocydic), 

-(M)^-COOR and -(M)^(C0)NRR\ where the lower alkyI, aryl or heterocyclic moiety is 

10 substituted or unsubstituted.. In some such compounds, each of R^ R^*, R^, and R^' is 
H. 

Another subgenus of compounds of interest are compounds of Fonnula I, including the 
examples described or illustrated above, in which at least one of R"* and R^ is methyl. 
15 ethyl, i-propyi. n-propyl, n-butyl, isobutyl, n-amyl, seo-amyl, isoamyl, substituted 
benzyl. -CHg^S-indolyl), -CH2-(4-imida20lyl). -CHgCHgCOOR, -CH2CH2CONH2, 

-CHgCOOR or -CHgCONRR', or R^ and R^ are covalently linlced to form a ring. In 

some cases, at (east one of R\ R^', r2, and R^' is methyl, ethyl, i-propyl, n-propyl, 
n-butyl, isobutyl. n-amyl, seo-amyl, Isoamyl, substituted benzyl. -CHg-KS-lndolyl), 
2D -CHg-KA-imidazolyl). -CH2CH2COOR. -CH2CH2CONH2. -CHgCOOR or 

-CHgCONRR', or two of R^ r"*', R^, and R^* are covalently linked to forni a ring, which 

as in other cases, may be a substituted or unsubstituted, aliphatic or heterocyclic ring or 
ring system (e.g. a bicydic nfx>iety). generally containing 4-10 annular atoms. 
Compounds containing 3-, 5- and 6-membered rings are illustrated by the following 
25 formulas: 

-^X' ^-^^ 
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One subgenus of compounds of this invention, i.e.. of compounds of Formula I, including 
among others the members of the various illustrative classes of compounds noted above. 
Includes those compounds of Formula I In which m is 0: 



Compounds of Fomiula I, Including, among others, compounds of the various subgenera 
described above, Include those in which Y comprises 



Such compounds In which comprises -APO3RR . -OPO3RR'. -ASO3R. -OSO3R, 
15 -ACO2R. -A-tetrazoie, -ASOgNRR*. -ACOCF3. -C(R)(J)(K) or -C(Z)(J){K); and. 
R^ and R* are Independently H. -CN, -NOg, halogen, J, -A-(M)^substituted or 
unsubstituted aliphatic. -(m^COCF^. -(M)„OH. -(M)„COOR, -A-{M)^NRR\ 
-(M)^CHO. -A-{M)^N(R')(CO)R'' or -A-<M)^-CO-NRR are of particular interest. This 
set of compounds is illustrated by those in which R® comprises -APO3RR , 
Z3 -OPO3RR', -ACO2R. -ACOCF3 or -C{R)(J){K); A comprises -M„- (e.g.. -CH^- 
-CFg-. -CHF- . -CHOH-. -CHgCFg-, etc), -GM- (e.g. -OCHg-) or a covalent bond; 
each R and R* is H. or substituted or unsubstituted lower alkyi or substituted or 
unsubstituted benzyl; and, R^ and R® are independently H, J, -A-(M)„substituted or 
unsubstituted aliphatic. -(M)^C0CF3. -(M)^OH, -(M)^COOR. -A-(M)^NRR . 
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-(M)„CHO. -A-(M)„N(R)(CO)R* or -A-(M)^-C0-NRR'. For example, in some such 
cases. R® comprises -PO3RR'. -OPO3RR'. -CH2PO3RR'. -CF2PO3RR'. 
-OCHgCOgR. -NHCH2CO2R, -CH2CO2R. -CF2CO2R. -OH2SO3R. -CF2SO3R. 
-CH2COCF3. -CF2COCF3, -CH(P03RR')2. -CH(0H){P03RR'). 

5 -ch(nh2)(P03Rr'), -<:h(C02R)2. -cf(C02R)2. -ch(p03Rr'){C02R"). 

-CH(P03RR'){S03R"), -CH(P03RR'){S02NH2). -CHCSOgNHgjg, or 
-CH(S03RR )2. In some such compounds, one or more of R, R' and R" in the -PO3RR , 
-OPOgRR*. -CH2P03RR\ -CF2PO3RR'. -OCH2CO2R. -NHCHgCOgR. 
-CH2CO2R, -CF2CO2R. -CH2SO3R, -CF2SO3R. -CH2COCF3. -CFgCOCFg, 
10 -<5H(P03RR')2. -OH(OH)(P03RR'). -CHCNHgXPOgRR'), -CH(C02R)2. 
-CF(C02R)2. -CH(P03RR KCOgR"). -CHCPOgRRKSOgR"), 
-CHCPOgRRKSOgNHg), -CH{S02NH2)2. or -CHCSOgRR^ moiety is H. In others, 
one or more of those R groups is -W^^-^H^^r -i^)^'^^^'^* -^^^nT^h' '^^^^ 
-M-O-CO-OR''^ or -M-O-CO-R^^, where 2 is halogen and R^^ is substituted or 
15 unsubstituted lower aliphatic, aryl or heterocyclic. For example, in various embodiments, 
R^5 is methyl, ethyl, n-propyl, i-propyl, n-butyf, Isobutyl, t-butyl, n-annyi, seo-amyi, 
benzyl or substituted benryl, and M Is CH2, CHR (e.g. CHCH3 etc.) and the like. Further 
Illustrations include -CHg-O-CO-OEt. -CH(Me)-0-CO-OEt, -OH2-0-C0-t-butyI, etc. 

2D In one subgenus of the foregoing compounds, R^ and R^ are both H. In another 

subgenus, R^ is J, -A(M)„(aliphatic. aryl or heterocyclic, each of which being substituted 
or unsubstituted), -VA)^CQCf^, -(M)„OH. -{IVI)„COOR, -A^(IVI)„NRR\ -(M)^CHO, 
-A-(M)„N(R)(CO)R', -A-(M)„-NRR* or -A-(IUI)^-C0-NRR'; and R® Is H. The latter 
subgenus is illustrated by compounds in which R^ is lower alkyl, lower alkenyl, -OH, 

S -NH2, -NO2, -CN. -NHR, -NHCOR, -CHO, -CH2CHO, -PO3RR'. -OPO3RR'. 
-CHgPOgRR'. -CFgPOgRR', -OCH2CO2R. -NHCH2CO2R. -^H2C02R, 
-CF2CO2R, -^OgR. -CH2SO3R, -CF2SO3R, -COCF3, -<)0CH2F. -COCF2H, 
-CF2COCF3 or -SO2NH2. In some such compounds, one or both of R and R' in 

-P03RR*,-0P03RR\ -CH2PO3RR*. -CF2PO3RR'. -OCHgCOgR. -NHCH2CO2R. 
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-CHgCOgR, -CFgCOgR, -SO3R, -CHgSOgR, or -CFgSOgR is H, In others, one or 
more of those R groups is -(Mj^-CHgZ, ^M)^-CHZ2. -KMj^-CZg. -R^^ 
«M-0-CO-OR^^ or -M-O-CO-R^^. where Z is halogen and R^^ is substituted or 
unsubstituted lower aliphatic, aryi or heterocyclic. For exannple, in individual cases, R^^ is 
5 methyl, ethyl, n-propyl, i-propyl, n-butyl, isobutyl, t-butyl, n-amyl, seo-amyl, benzyl or 
substituted benzyl, and M Is CH2, CHR (e.g. CHCH3 etc.) and the like. 

In an Illustrative subgenus. comprises -APO3RR' (e.g.. -OPOgHg) and R^ Is 
-A-KM)„substituted or unsubstituted aliphatic. 

10 

In another subgenus, R® and R^ are independently selected from J and K. 

In another subgenus. R^ Is -C(R)(J)(K). Illustrative compounds of this subgenus include 
those in which R^ is -CH(J)(K) and those in which R^ is -C{R)(P03R*R' KK). The 
15 latter compounds are illustrated by embodiments in which none, one, two or three of the R 
groups of the -C(R)(P03R'R' KK) moiety are H. 

As In previously mentioned cases, compounds of this invention which contain a moiety J, 
e.g., compounds of Formula I in which R^ is -C(R)(J)(K), include among others 
2D embodiments in which one or both of R and R' (e.g., of a -POgRR* moiety) are R^^, 
-(M)^-CH22. -(M)^-CHZ2, -<M)^-CZ3. -M-O-CO-OR^^ or -M-O-CO-R^^ where 
Z is halogen and R^^ Is substituted or unsubstituted lower aliphatic, aiyl or heterocyclic 
(e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl, isobutyl, t-butyl. n-amyl, seo-amyl, 
benzyl or substituted benzyl), and M is CHg. CHR (e.g. CHCH3 etc.) and the like. 

One group of compounds of Fomiula I. Including those described by the various 
subgenera and illustrative examples disclosed herein, all contain a moiety, B, of the 
fomiula: 



30 
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where R®' R''® and R^^ are independently selected from -(M)^R, -G(Mj^)R, -(M)j^Z, 
-<M)„CN. -{M)„GR, -(M)nNRWR, -(M)„NRW-GR, -(M)„W-R. -G-{M)„W-R. and 
-{M)^W-GR. Compounds of particular interest include those in which R® is H or -WGR 
5 and R^° is -G'Mj^R', as illustrated by compounds in which R® is H or -C(0)NH2 and 
R^° is an -OCCH^j^Caliphatic or cydoaliphatic) moiety. The aliphatic or cydoaliphatic 
moieties are illustrated by groups such as a substituted or unsubstltuted methyl, ethyl, 
n-propyl, n-butyl, t- butyl, n-iDentyl, or benzyl moiety or -CHR^^R^^ where R^® and 
R^7 are independently selected lower aliphatic groups (such as methyl, ethyl, propyl. 
10 allyi. butyl, amyl. hexyl, etc) or are covalently linked together forming a cydoaliphatic ring 
(e.g. cydopentyl, cydohexyl, cycloheptyl, etc.). In many such compounds, n is 1 or 2. By 
way of further illustration, illustrative R^° moieties indude -OCHgCHMeg, 
-0CH2CH(Me)(Et). -OCH2CH(Et)2, -OCH2CH(Me){Propyl). -OCH2CH{Et)(Propyl). 
-OCH2CH(Et)(Propyl). -OCH2CH(propyl)2. OCHgCyclopentyl. OCHgCyclohexyl or 
15 OCH2Cydoheptyl. R'*^ may be H or may be any of the generally applicable substituents 
enumerated elsewhere herein. Ck)mpounds of particular current interest indude those in 
which B is configured as follows: 

2) Another group of compounds of Formula I, including those described by the various 
subgenera and illustrative examples disclosed herein, all contain a moiety, B, of the 
formula -C(0)NR'' W^. This group is illustrated by compounds in which R''^ Is lower 
alkyl and R"*^ is aliphatic. -M^-cydoaliphatic, -M^-aryl. -M^-heteroaryl. or -M^COgR, 
where the aliphatic, cydoaliphatic. aryl or heteroaryl moiety(ies) is(are) substituted or 

s unsubsiituted). Compounds of particular interest indude those in which R^® Is 

-(CH2)„-aliphatic -(CH2)n-cydoallphatic. In such compounds, n in R"*® is often 2, 3 or 4. 

From the perspective of Y moieties, compounds of particular interest indude those 
compounds of Formula I. induding those of the various subgenera and examples herein. 
3) which have the following structures: 

15 
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Of special note are compounds In which comprises -POgRR', -OPO3RR', 
-OSOgNRR'. -(CHgjPOgRR'. --{CFjlPOgRR' or-CRJK; R^ comprises R (including 
among others. H, alkyl. alkenyl. etc.)-CN, amido, acylamlno. J (e.g. -CX)2R), or-CHO, 
and R^ comprises H or one of the generally applicable substiuents mentioned herein. For 
example, in some cases. R^ comprises -OPO3RR' or -{CFgjPOgRR' and R^ is H. In 
some embodiments one or more R groups (including R', R", etc) of R® comprises 
-(Mj^-CHgZ, -{Mj^-CHZg, -<M)^-CZ3. -R^^ -M-O-CO-OR^^or -M-O-€0-R^^ 
where Z is H or halogen and R^^ is substituted or unsubstituted lower aliphatic, aryl or 
heterocydic. For example, in Individual cases, R^^ is methyl, ethyl, n-propyl, l-propyl, 
n-butyl, Isobutyl, t-butyl, n-amyl, seo-amy!, benzyl or substituted benzyl, and M is 
CH2. CHR (e.g. CHCH3 etc.) and the like, 

Confipounds of any of the following subgeneric structures are also of special interest: 



^ ^ XiC 
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These are illustrated by the following more specific structures: 




Also of special Interest are compounds of the formula: 




10 

w where is not H. 

Within these subgenera of special interest individual embodiments include compounds in 
which at least one of J. K or comprises -PO3RR'. -OPOgRR'. -MPOgRR*. 
15 -OMPOgRR*. -SOjNRR', -OSOgNRR*, -ACOgR, -A-tetrazole, -CZJK or -CRJK. 
Such cases, are illustrated by compounds in which M is or -CFg or A Is a covalent 
bond or is -OCHg-. In some such cases. J and K are independently selected from the 
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group consisting of -POaRR', -COOR, and -SOgNRRV In some connpounds of these 
subgenera of special interest R^ comprises R,-CN, -NOg, halogen, J, -A-{M)j^aliphatic. 
-G-(M)^aliphatic . -{Mj^COCFg. -{M)„OH. -(M)^COOR, -A-(M)„NRR\ 
-G-(M)qNRR'. -(M)„CHO. -A-(M)^N(R){CO)R\ -G-(M)qN{R)(CO)R\ 
5 -A--(M)^-C0-NRR', or -<3-(M)n-C0-NRR', where the aliphatic groups may be 
substituted or unsubstituted; or R® is a covalent bond to an substituent of X to form 
an aliphatic, aryl or heterocyclic ring of 4 to 8 atoms. In particular embodiments of such 
compounds, R^ comprises H, lower alkyi, lower alkenyl , -CHO or J. In various 
embodiments, one or more of the R groups (including R*. R", etc) of R® or R*^ comprise 
10 -{M)^-CH2Z, -KM)^-CHZ2. -<M)^-CZ3. -R^^ -M-O-CO-R^^ -m-o-cO-OR^^ 
where Z is halogen and R^^ is a substituted or unsubstituted lower aliphatic, aryl or 
heterocyclic group. In some cases, one or more R groups (including R'. R", etc) of R^ or 
r7 is H. 

15 Compounds of this invention which are of special interest include those which bind to a 
given SH2 domain (or protein containing such SH2 dentin) with a IC50 value of less than 
50 nM, preferably less than 20 as determined by any scientifically valid method, in 
vitro or in vivo. SH2 domains of cunrent interest include those of a Sro, Fyn. Lck, Yes, BIk, 
Lyn. Fgr. Hck. Yrk, ZAP-70, Syk. STAT or Abl protein. 

2D 

Also of Interest are pharmaceutical compositions comprising a compound of this invention, 
or a pharmaceutically acceptable derivative thereof, and one or more pharmaceutically 
acceptable excipients. 

25 Compounds of this invention (or a composition containing such a compound) can be 
administered to cells or to animals, preferably a mammal in need thereof, as a method for 
inhibiting SH2-mediated signal transduction tiierein. In particular cases, it will be 
advantageous to cany out that metiiod using a pharmaceutical composition containing a 
compound which specifically binds to an SH2 domain of Sro, ZAP-70, Syk, or STAT 6. or 

30 which othenwise inhibits signal transduction mediated by tiie protein of interest. In otiier 
cases it will be advantageous to carry out that metiiod where the SH2-mediated signal 
transduction is mediated by a PDGF receptor protein. EGF receptor protein, HER2/Neu 
receptor protein, fibroblast growtii factor receptor protein, focal adhesion kinase protein, 
pi 30 protein, or p68 protein. 
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Cases in which a mammal may be in need of inhibition of SH2-mediated signaling include 
cases in which the mammal has a proliferative disease, cancer, restenosis, osteoporosis, 
inflammation, allergies, or cardiovascular disease. In such cases, administering a 
5 therapeutically effective amount of the composition to the mammal, preferably to a human 
patient, will constitute treating or preventing the proliferative disease, cancer, restenosis, 
osteoporosis, inflannmation, allergic reaction, or cardiovascular disease in the recipient or a 
method for causing immunosuppression in the recipient. 

10 Generally preferred compounds of this invention include any of the foregoing conpounds 
which yield an observable ICgQ value, when tested against an SH2 domain of interest 
and a pTyr-containing peptide ligand (or minriic thereof) for that SH2 domain, of 50 nM or 
better, preferably 5 ^f^ or better, more preferably 1 ^M or better, and even more 
preferably, 500 nM or better, as detemnined by any scientifically valid measure, especially 

15 when the SH2 domain is from a Src, Fyn, l-ck. Yes, BIk, Lyn, Fgr, Hck, Yrk, ZAP, Syk, 
STAT or Abl protein. 

A phannaceutica! composition may be prepared containing a compound of this invention 
(including a pharmaceuticaliy acceptable derivative thereof) together with one or more 
2D pharmaceuticaliy acceptable excipients. 

A compound of this invention, preferably in the fomi of a phamnaceutical composition, may 
be administered to a mamma! in need thereof, preferably a human patient, as a method for 
inhibiting SH2-mediated signal transduction in the recipient mamnr\a!. In some cases, the 

2 compound may be selected based on its ability to specifically bind to an SH2 domain, e.g. 
of Src, ZAP-70, Syk, or STAT 6, etc., or on its ability to inhibit a signal transduction 
pathway mediated by an SH2 domain-containing protein. Such use of an appropriately 
selected compound of this invention thus provides a method for inhibiting SH2-mediated 
signal transduction which is mediated by a PDGF receptor protein, EGF receptor protein. 

30 HER2/Neu receptor protein, fibroblast growth factor receptor protein, focal adhesion kinase 
protein. p130 protein, or p68 protein. Use of a compound of this invention may be 
particularly advantageous in cases in which the nr^ammal has a proliferative disease, 
cancer, restenosis, osteoporosis, inflanrunation, allergies, or cardiovascular disease. In 
such cases, administering to the patient a therapeutically effective amount of a compound 

35 of this invention, preferably in the form of a pharmaceutical composition, provides a 

method for treating or preventing a proliferative disease, cancer, restenosis, osteoporosis, 
inflanrunation, allergies, or cardiovascular asease in the patient. 
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Detailed Description of the Invention 

Compounds and Definitions 

As mentioned above, this invention provides a novel class of compounds useful 

5 as inhibitors of signal transduction pathways mediated by the interaction of protein 
receptors for phosphotyrosine-containing proteins, such as proteins containing one or 
more SH2 domains, with their phosphotyrosine-containing ligands. Compounds of this 
invention comprise those of Formula I, set forth above, and are illustrated in part by the 
various classes, subgenera and subsets of compounds noted above, and by the various 

10 subgenera and species disclosed elsewhere herein. The compound n^y be in the form of 
an individual enantiomer, diastereomer or geometric isomer, or may be in the form of a 
mixture of stereoisomers. 

Also included are phamnaceuticaliy acceptable derivatives of the foregoing 
compounds, where the phrase "pharmaceutically acceptable derivative" denotes any 

15 pharmaceutically acceptable salt, ester, or salt of such ester, of such compound, or any 
other adduct or derivative which, upon administration to a patient. Is capable of providing 
(directly or indirectly) a compound as othenwise described herein, or a metabolite or 
residue thereof, preferably one which is a signal transduction inhibitor. Pharmaceutically 
acceptable derivatives thus include among others pro-dnigs. A pro-drug is a derivative of 

2D a compound, usually with significantly reduced phannacologlcal activity, which contains an 
additional nvoiety which is susceptible to removal in vivo yielding the parent molecule as 
the pharmacologically active species. An example of a proKlmg Is an ester which is 
cleaved in vrvo to yield a compound of interest. Pro-dmgs of a variety of compounds, and 
materials and methods for derivatizing the parent compounds to create the pro-drugs, are 

25 imown and may be adapted to the present invention. 

The temi '^iphaticf as used herein Includes both saturated and unsaturated, 
straight chain {ie,, unbranched), branched, cyclic, or polycydic aliphatic hydrocaft)ons. 
which are optionally substituted with one or more functional groups. Unless othenwise 
specified, alkyi, other aliphatic, alkoxy and acyl gn^ups preferably contain 1-8, and in 

30 many cases 1 -6, contiguous aliphatic carbon atoms, illustrative aliphatic groups thus 
Include, for example, methyl, ethyl, n-propyl, isopropyl, cyclopropyl, -CHg-cyclopropyl, 
allyl, n-butyl, sec-butyl, isobutyl, tert-butyl, cyclobutyl. -CHg-cyclobutyl, n-pentyl, sec- 
pentyl, isopentyl, tert-pentyl, cydopentyi, -CHj-cycIopentyl, n-hexyl. sec-hexyl, 
cydohexyl, -CHg-cydohexyl moieties and the like, which again, may bear one or more 

35 substituents. 

Some examples of substituents of aliphatic (and otiier) moieties of compounds of 
this invention include: R. -OH. -OR, -SH, -SR.-CHO, =0, -COR, -COOH (or amide, 
ester, cari^amate, urea, oxime or cartsonate thereof). -NHg (or substituted amine, amide, 
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urea, carbamate or guanidino derivative therof), halo, trihaloalkyl, cyano, -S02*CF3, - 
OSOgF, -0S(0)2R, -SOg-NHR, -NHSOgR, sulfate, sulfonate, aryl and heteroaryl 
moieties. Aliphatic, heteraliphatic, aryl and heterocyclic substituents may themselves be 
substituted or unsubstituted (e.g. mono-, di- and tri-alkoxyphenyl; methylenedioxyphenyl 

5 or ethylenedioxyphenyl; halophenyli'or -phenyl-C(Me)2-CH2-0-CO-IC3-C61 alkyi or 
alkylamino). Additional examples of generally applicable substituents are illustrated by the 
specific embodiments shown in the Examples which follow. 

The term ''aliphatic" Is thus intended to include aikyl, allcenyl, all<ynyi, cycioalkyt, 
cycloalkenyi, and cydoalkynyl moieties. 

10 As used herein, the term "aikyl" includes both straight, branched and cyclic aikyl 

groups. An analogous convention applies to other generic tenns such as *alkenyi*, 
'alkynyl' and the like. FurthemK>re, as used herein, the language "aikyl", "alkenyl", 
'alkynyi' and the like encompasses both substituted and unsubstituted groups. 

The term "alkyt" refers to groups usually having one to eight, preferably one to six 

15 carbon atoms. For example, "alkyr may refer to methyl, ethyl, n-propyl. isopropyl, 
cyclopropyl, butyl, isobutyl. sec-butyl, tert-butyl. cyclobutyl, pentyl, isopentyl tert- 
pentyl, cyclopentyl, hexyi, isohexyl, cyciohexyl, and the like. Suitable substituted alkyls 
include, but are not limited to, fluoromethyl, difluoromethyl, trifluoromethyl, 2-fluoroethyl, 3- 
fiuoropropyl, hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, benzyl, substituted 

2D benzyl and the like. 

The term "alkenyl" refers to groups usually having two to eight, preferably two to 
six carton atoms. For example, "alkenyl" may refer to prop-2-enyl, but-2-enyl, but-3-enyl, 

2- methylprop-2-enyl. hex-2-enyl, hex-5-enyl. 2,3-dimethylbut-2-enyl, and the like. The 
language "alkynyl," which also refers to groups having two to eight, preferably two to six 

S carbons, includes, but is not limited to, prop-2-ynyl, but-2-ynyl, but-3-ynyl, pent-2-ynyi, 

3- methylpent-4-yny1, hex-2-ynyl, hex-5-ynyl, and the like. 

The term "cydoalkyl" as used herein refers specifically to groups having three to 
seven, preferably three to ten carbon atoms. Suitable cydoalkyls Include, but are not 
limited to cyclopropyl, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl and the like, which, 
30 as in the case of other aliphatic or heteroaliphatic or heterocyclic moieties, may optionally 
be substituted. 

The term "heteroaliphatitf' as used herein refers to aliphatic moieties which contain 
one or more oxygen, sulfur, nitrogen, phosphorous or silicon atoms, e.£f., in place of 
carbon atoms. Heteroaliphatic moieties may be branched, unbranched or cyclic and include 
£ heterocycles such as n[K)rpholino, pyrrolidinyl, e^a 

The term "heterocyde" as used herein refers to cyclic heteroaliphatic and heteroaryl 
groups and preferably three to ten ring atoms total, includes, but is not limited to 
heteroaliphatic moieties such as oxetane, tetrahydrofuranyl, tetrahydropyranyl, aziridine, 
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azetldine, pyrrolidine, piperidine, morphollne. piperazine and the like, and heteroaryl 
nnoieties as described below. 

The terms "aiyP and "heteroaryl" as used herein refer to stable mono- or 
polycydic, heterocyclic, polycyclic, and polyheterocydic unsaturated moieties having 3 - 
1 4 carbon atom which may be substituted or unsubstituted. Substituents include any of 
the previously mentioned substituents. Non-limiting examples of useful aryl ring groups 
include phenyl, halophenyl. alkoxyphenyl, dialkoxyphenyl, trialkoxyphenyl. 
alkylenedioxyphenyl. naphthyl, phenanthryl, anthryl. phenanthro and the like. Examples 
of typical heteroaryl rings Include 5-membered monocyclic ring groups such as thienyl. 
pyrrolyl, imidazolyl, pyrazolyl, furyl, isothiazolyl. furazanyl, oxazolyl. isoxazoiyl. thiazolyl, 
oxadlazolyl and the like; 6-membered monocyclic groups such as pyridyl, pyrazinyl, 
pyrimidinyl. pyridazinyi, triazinyi and the like; and polycyclic heterocyclic ring groups such 
as benzo[b]thienyl, naphtho[2,3-b]thienyl.thianthrenyl, isobenzofuranyl. chromenyl, 
xanthenyl. phenoxathienyi, Indolizinyl. isoindolyl. indolyl, indazolyl, purinyi, isoquinolyl, 
quinolyl, phthalazinyl, naphthyridinyi, quinoxalinyl, quinazolinyl, benzothiazole, 
benzimidazole, tetrahydroquinoline cinnolinyl, pteridinyi, carbazolyl, beta-carbolinyl, 
phenanthridinyl, acfidinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, 
phenothlazlnyl, phenoxazinyl. and the like(see e.g. Katritzky, Handbook of Heterocyclic 
Chemistry). The aryl or heteroaryl moieties may be substituted with one to five members 
selected from the group consisting of hydroxy, C1-C8 alkoxy, C1-C8 branched or 
straight-chain alkyl, acyloxy. carbamoyl, amino, N-acylamino, nitro, halo, trihalomethyl. 
cyano, and carboxyl. Atyl nroieties thus Include, ag. phenyl; substituted phenyl bearing 
one or more substituents selected from groups Including: halo such as chloro or f luoro, 
hydroxy, C1-C6 alkyl, acyl, acyioxy, C1-C6 alkoxy (such as methoxy or ethoxy, 
Including among others dialkoxyphenyl moieties such as 2.3-. 2,4-, 2,5-, 3,4- or 3.5- 
dimethoxy or diethoxy phenyl or such as methylenedioxyphenyl, or 3-methoxy-5- 
ethoxyphenyl; or trisubstituted phenyl, such as trialkoxy (o.g.. 3.4.5-trimethoxy or 
ethoxyphenyi), 3,5-dimethoxy-4-chloro-phenyl. efc). amino, -SOgNHg, - 
S02NH(aliphatlc). -S02N(aliphatic)2. -0-aliphatic-COOH, and -0-aIiphatic-NH2 (which 
may contain one or two N-aliphatic or N-acyl substituents). 

A *halo' substituent may be fluoro, chloro, bromo or iodo. 
With respect to nomendalure. note that asymmetric moieties such as "-G-M- are 
written In the direction or order in which they are intended to be read into a given structure. 
Thus. "-G-M-" Is distinct from "-ftMS-", For example, in "Ar-A-COOR", where A is 
-G-M-, the structure Ar-G-*1-C00R, not Ar-M-G-CCXDR. Is intended. 



Synthesis 
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Those Of ordinary skill in this art will appreciate that compounds of this invention 
may be produced using any of a variety of synthetic strategies. We typically use a 
convergent synthetic scheme in which an intermediate comprising the desired "YXU" 
moiety, protected as appropriate, is condensed with a second intermediate comprising the 
desired amino moiety HR^^N(CR^r\b. again, protected as appropriate, to yield 
(following any necessary deprotection steps) the desired compound of Formula I. A 
variety of methods and materials for effecting the relevant chemical transformations, 
product recoveiy. purification and fomiulation are known in the art which may be adapted 
to use in the practice of this invention. The detailed examples which follow Illustrate such 
syntheses and should prwide helpful guidance to the practitioner. 

Assays for Comparative Functional Evaluation of Compounds 

Compounds of this invention may be evaluated in a variety of assays to 
detennine their relative ability to bind to a receptor for a pTyr-containing ligand, such as a 
protein containing one or more SH2 or PI domains, or to othenwise inhibit an intemiolecular 
interaction mediated by such a domain. See e.g. US 5667980 (Pawson; competitive 
binding assays), PCT/US97/02635 (RIckles et al; cell-based assays) and 
PCTAJS97/06746 (Lynch et al, FP assays). Compounds may aiso be evaluated for their 
selectivity of binding to one such receptor (or family of receptors) relative to another such 
receptor (or family of receptors). The compounds of this invention can be further evaluated 
by conventional methods for possible therapeutic applications, including evaluations of 
toxicological and pharmacological activity. For example, the compounds may further be 
evaluated for aclivfty In inhibiting cellular or other biological events mediated by a 
pathway involving the molecular interaction of interest using a suitable cell-based assay 
or an animal model. CeU-based assays and animal models suitable for evaluating 
inhibitory activity of a test compound witii respect to a wide variety of cellular and otiner 
biological events are known in the art. New assays and models are regulariy developed 
and reported In tiie scientific Rterature. 

By way of non-limiting example, compounds which bind to an SH2 domain 
involved in the transduction of a signal leading to astiima or allergic episodes may be 
evaluated In a mast cell or basophil degranulation assay. The inhibitory activity of a test 
compound Identified as an SH2 inhibitor by tiie method of this invention witii respect to 
ceUular release of specific mediators such as histamine, leukotrienes. homrwnal mediators 
and/or cytokines, as well as its biological activity witii respect to tiie levels of 
> phosphatidylinositol hydrolysis or tyrosine phosphorylation can be characterized with 
conventional in vitro assays as an indication of biological activity. [See. e.g.. Edward L 
Barsumian et al. p^r, >L Immunol.. 11:317-323 (1981); M. J. Forrest, p-»^-- Dhomr«,mi 
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42-1221-1228 (1991) (measuring N-acetyl-betagluoosamin-adaseftom activated 
neutrophils); and Stephen et al.. .1. Blol. Chm. 2SZ:5434-5441 (1992)1. 

For example, histamino release can be measured by a radioimmunoassay using a 
kit available from AMAC Inc. (Westbrook. ME). One can thus evaluate the biological 
5 activity of compounds of this Invention and compare them to one another and to known 
active compounds or clinically relevant compounds which can be used as posrtive 

"^Generally speaking, in such assays IC50 scores of 20 or less are considered 
of special interest, scores betow 1 nM are considered of particular interest and scores 
10 below about 500 nM are of high interest Inhibitors of this invention may also be tested in 
an ex vivo assay, e.g.. for their abBlty to btock antigen-stimulated contraction of sensitized 
guinea pig tracheal strip tissue. Activity in this assay has been shown to be useful in 
predicting the efficacy of potential anti-asthma dmgs. 

Numerous animal models of astivna have been developed and can be used [for 
15 reviews see Urson. -Experimental Models of Reversible Ainway Obstruction", in THE 
LUNG scientific Foundations. Crystal. West et al. (eds.), Raven Press. New York. pp. 
953-965 (1991): Warner et al.. Am RftV, Rwpir. PiS- 141253-257 (1990)]. Specif used 
in animal models of asthma include mice. rats, guinea pigs, rabbits, dogs, sheep and 
primates. Other in vivo models available are described In Cross et al.. LaklmssL. 
35 ffl-162-170 (1990); and Koh.etai..S6!snsa. 253:1210-1213 (1992). 

By way of further example, compounds which bind to an SH2 or other domain of 
interest involved In the transduction of a signal involved in the InWation. maintenance or 
spread of cancerous growth may be evaluated in relevant conventional i" f«* 
Xo assays. See e.g.. Ishil et al.. IMMSL. }M:1877-1878 (1989); and US Patent 
S 5^08.249 Ossued 27 April1993). , uu» -tad -rn. 

Compounds which bind to a ZAP SH2 domain or which ottienNise inhibit ZAP-70- 
medtated signaling may be evaluated for immunosuppressive activity. e.g.. in any of the 
well-known In vitro or In vivo Immunosuppression assays. 

Compounds which bind to a Sro SH2 (tomaln or whteh othenmse inhibit Src- 
30 mediated signaTing may be evaluated (or acBvlly In a variety of assays considered 
predictive of activity in treating or preventing osteoporosis. Such assays include the 
various pit assays and calvaria assays, among others. Illustrative assays are descnbed 
below. 

S MURINE CALVARIA ASSAY ^ ^ ,„ 

In osteoporosis, excessive bone resorption results in decreased bone densrty. In 
vVo and /nvftro models of bone reson)«on are used to study the processes leadjngto 

osteoporosis. In vitw. fetal rat long bone and murine calvaria culturos am routinely used. 
Both models display slmflar responses to parathyroid homwne (PTH). a phystotogical 
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10 



modulator of bone resorption (Stem. P.H. and N.S. Krieger. Comparison of fetal rat limb 
bones and neonatal mouse calvaria: effects of paratfiyroid hormone and 1 .25- 
dihydroxyvltaminDa. Caldf. Tissue Int. 35: 172-176,1983). The calvaria model of bone 
resorption can be successfully used to screen osteotropic compounds as has been 
previously shown (Green. J.R.. K. Mullor and K. Jaeggi. Preclinical phamiaoology of CGP 
42'446. a new. potent, heterocyclic bisphosphonate compound. J. Bone Miner. Res. 9: 

^^^^Inlrorodification of the conventional calvaria model, calvaria are not labeled with 
'«Sca++. Instead, calvarial calcium release into the media Is assessed using a microtiter 
colorimetric calcium assay. This modification can yield more consistent responses than the 
radioacavo methodology and provides results which are comparable to literature values for 
45ca++ assays. 

One calvaria culture model tests the ability of anti-resorptive compounds to 
prevent resorption (prophylactic model). A second model tests the ability of these 
15 compounds to terminate ongoing resorption (therapeutic model). Cytotoxicity may be 
assessed In both models using a lactate dehydrogenase (LDH) assay. These m vOro 
models of bone resorption may be used for routine screening and evaluation of 
oompoundsforthelrability to alter osteodast-mediated bone resorption. 

2D Media preparation . 

Caldum free Dulbecco's fc/lodified Eagle's Medium (DMEM) may be obtained in a 
5x solution (Specialty Media. 0-012). A 1x solution is prepared using ultrafiltered water. A 
suitable media contains 15% heat inactivated horse semm (Sigma. H 1270). Calcium 
ooncenbalion is adjusted to 1 .65 to 1 .83 mM using 0.2 M CaClj. Penicillin (100 U/ml) and 

S streptomydn (0.1 mg/ml) are added to the final media preparation. Indomethadn is 

prepared to 05 mgMild .397 X 1 0-7 M) In ethanol. and is added to an aliquot of DMBA to 
produce a final concentration of 0.5 ^M. Bovine parathyroid homoone (1-34) maybe 
obtained from Sachem (PCAL 100). PTH is solubilized in 0.1% BSA and is then diluted in 
DMEM to produce a final concentration of lO* M PTH. Ten-fold serial dilutions are 

30 perfonned dovm to 1 0"^ ^ M. 

Csivaria dissection ^ .a. 

Pregnant CD-I mice may be obtained from Chartes River and are subjected to 
parturition. Neonatal mice (4-6 days) are cleansed with betadine and then euthanlMd by 
s decapitation. Adherent sWn is cleared away from the sIojII. exposing the calvana. The 
calvaria are dissected away from the skull using a 12B scalpel. Calvaria are immediately 
placed Into a glass petri dish containing room temperature Tyrode's Salt Solution (Sigma. 
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T-2397). The caJvaria are trimmed free of cartilage and bisected with a scalpel along the 
sagital suture. After dissection of all calvaria, caivaria are transferred into 24 well plates 
containing 0.5 indomethacin (Sigma, 1-7378). 

5 Culture conditions 

Calvaria are incubated in 1.5 ml DMEIVl in 24 well tissue culture plates at 37«C, 5% 
COg^air. Plates are rocked in the incubator using a Belico rocker platform. Calvaria are 
pre-incubated in 0.5 (iM indomethacin for 24 hours. For each experiment, 6 to 8 random 
calvaria halves are used for each group. Both halves from a single mouse are never in 

10 the same group. Experiments are repeated at least three times. 

Prophylactic calvaria experiment 

After the 24h pre-incubation period, calvaria are thoroughly washed in 
indomethadn-f ree DMEM. Calvaria are then transferred to new wells containing various 
15 PTH concentrations, and are cultured for an additional 72 hours. Media samples (30 
are obtained every 24 hours and assayed for calcium and LDH activity. 

Therapeutic calvaria experiment 

At the end of the 24h pre-incubation period, the calvaria are washed free of 

20 indomethacin using DMEM. Calvaria are then transferred to new wells containing DMEM 
or various concentrations of PTH. After 24 hours calvaria are transferred into new wells 
with fresh media (PTH or DMEM) and cultured an additional 48 hours before addition of 
control vehicle. This may be accomplished by adding 3 |il of DMSO to new wells, and 
transferring each caivaria along with its media into wells. Culture continues for a further 

2 24 hours. Media samples are obtained after 72 hours and 96 hours in culture with PTH 
and assayed for calcium. Additional samples are obtained after 46. 72, and 96 houre In 
culture with PTH and assayed for LDH. 

Calcium Assay 

30 A commerciaily available diagnostic calcium assay (Sigma, No. 588-3), modified for 

use in a microtiter format, may be used to determine circulating semm calcium 
concentrations. This colorimetric assay is dependent on the specific, high affinity 
oomplexation of calcium with arsenazo 111 dye under addic conditions, which occurs with 
1 :1 stoichiometry and absort)s at 600 nm (Bauer, P.J. Affinity and stolchiometry of 

33 caidum binding by Arsenazo III. Anal Biochem. 1 1 0:61 , 1981 ; Michayiova, V and P 

llkova. Photometric determ!natk>n of micro amounts of caidum with Arsenazo III. Anal Chim 
Acta, 53: 194. 1971). Magnesium has veiy low affinity for arsenazo 111. 

Briefly, 1 5 til of media or rat sera (see below) is diluted 1 8-fold with uitrafiltered 
water (neariy caldunvfree). Fifty }il of this solution are pipetted Into microtiter wells (Nunc, 
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Maxisorp, flat-bottom. 0.4 mlAflrell). Standards of 0, 0.5. 1, 2.5.3.75. 5, 6^5, and 7.5 mg/dl 
(mg%) calcium, diluted 8-fold with ultrafillered water from control standards (Sigma. 360- 
11), are used to construct standard cun/es. Once all standards and samples are pipetted 
onto the plate. 150 |aI of diagnostic reagent is added to initiate complexation. Optical 
5 density measurements are obtained on a microtiter plate reader (Molecular Devices. 
ThermoMax) at 600 nm. 



Lactate dehydrogenase assay 

Phosphate buffer is prepared in distilled water (0.26 M KjHPO/SHgO. 0.26 M 
10 KH2PO4; pH 7.4). A mix consisting of: 22 ml of phosphate buffer. 6 ml distilled water and 
2.0 ml of 0.01 M pyruvate is prepared. NADH is prepared to 0.4 mg/ml in phosphate 
buffer. 

Ten 111 of media samples obtained from incubated calvaria are added to 96 well plates. 
15 Wells containing 10 jil of DMEM serve as blanks. To each well. 90 ^ disUlled water and 
1 50 111 phosphate mix is added. 50 \i\ NADH is added using an eight channel pipette 
immediately before the plate is read on a microtiter plate reader at 340 nm. A kinetic assay 
is performed for 10 minutes, with a read interval of 20 seconds. 



2D 



THYROID/PARATHYROIDECTOMIZED RAT MODEL of BONE RESORPTION 

Parathyroid honnone (PTH) replacement In thyroparathyroidectomized (TPTX) rats 
is routinely used as an in vivo model of controlled bone resorption. Rats are the species 
of choice since the mechanisms of bone modeling In ttie rat resemble those in humans. In 
s addition, hormones and phamf^acologic agents have similar effects on both rat and human 
bone (Frost. H.M. and W.S.S. Jee. On the rat model of human osteopenias and 
osteoporoses. Bone and Mineral. 18: 227-236.1992). Removal of the thyroid and 
parathyroid glands results In a rapid loss of parathyroid hormone (PTH) from the 
circulation. Since PTH Induces osteoclast-mediated bone resorption, this process is 
3D inhibited in TPTX animals. In addition. PTH mediates calcium reabsorption from the 
kidneys and absorption from the small intestines. The lack of these activities work in 
concert to decrease semm calcium levels. In the absence of PTH. rats remain in a 
hypocalcemio state. Restriction of dietary calcium limits intestinal calcium absorption and 
renal calcium filtration such that semm calcium levels are primarily influenced by bone 
35 resorption. Controlled PTH replacement therapy results in a controlled retum of semm 
calcium to baseline levels. When replacement occurs, oonoomitantiy with a low calcium 
diet, semm calcium increase Is due to PTH-induced osteoclast-mediated bone resorption. 
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In this model, drugs which inhibit bone resorption prevent the PTH-mediated return of 
semm calcium to baseline levels. 

Female Wistar rats (226-250 gm. Charles River) are fasted overnight and 
anesthetized with 0.1 5 ml of 1 .2% tribromoethanol (TBE). The ventral neck area Is 

5 shaved and swabbed with betadine and isopropanol. A midline incision is made in the 
neck through the skin and superficial muscle layer, as well as in the sternohyoid muscle. 
Blunt dissection is performed to expose the thyroid gland. The thyroid gland is carefully 
isolated from the trachea, thyrohyoid muscle, as well as adjacent nerves and blood 
vessels, using blunt dissection. The thyroid gland is excised one lobe at a time. Cautery 

10 is performed for hemostasls. Care is taken to avoid damaging the recurrent laryngeal 
nerve since damage to it is shown to affect serum calcium concentrations (Hirsch. P.F., 
G.F. Gauthier and P.L Munson. Thyroid hypocalcemic principle and recurrent laryngeal 
nerve injury as factors affecting the response to parathyroidectomy in rats. 
Endocrinology, 73: 244-252. 1963. ef a/.. 1963). The incisions are closed using 3-0 

15 vicryl. The wound is coated with triple antibiotic ointment (Fougera; 400 unlts/g bacitracin 
zinc. 5 mg/g neomydp sulfate. 5000 units/g polymyxin B sulfate). Following TPTX, rats 
are pair fed a low calcium diet (Harlan Teklad TD 95065: <0.003% Ca*+, <0.04% PO^) 
such that each tat receives the same quantity of food. Rats are fed at least 5 grams, but 
not more than 10 grams, of food. Rats consuming less than 3.0 grams of food receive the 

2D nutritional supplement Nutri-Cal p.o. (Evsco; <0.0033% calcium). 



PTH Dose Response/Pump implantation 

Three days post TPTX, rats which are found to be hypocalcemic. based on day 2 
senjm calcium levels, are Implanted with PTHKX)ntalnlng Alzet mini-osmotic pumps (ALZA. 
model 2001 D) which pumps at a rate of 1 jil/h. The rats are anesthetized with ketamine 
(50 mg/kg, l.p.) and acepromazlne (1 .67 mgfl^, Lp.). The scapula region Is shaved and 
prepared for surgery v^rith betadine and Isopropanol. A lateral Incision of approximately 2 
cm in length Is made between the scapulae. Using hemostats. a subcutaneous pocket Is 
created into which the Alzet pump is inserted. The wound is closed either with nylon 
suture or with staples. Triple antibiotic ointment is applied as described previously. 

Bovine parathyroid honnone 1-34 (PTH) (Bachem California. PCAL100) Is 
prepared In vehicle (lO"® N HCI. 0.15 M NaQ. 20 mg/ml cysteine-HQ) at the following 
concentrations: 0.156.0.47, 1.56,4.7, 15.6. and 156 |iM. Alzet mini-osmotic pumps are 
filled with the PTH solution and maintained in 370 saline for 4 hours prior to implantation. 

Servm Samples 

Rats are anesthetized by COg from dry ice and daily blood samples are obtained 
via cardiac puncture using a 27 gauge needle. Baseline samples are taken just prior to 
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TPTX. Dally samples are obtained in the morning. Samples are allowed to clot on their 
side for several hours and subsequently spun at lOOOxg for 15 minutes to obtain semm. 
Semm is aliquoted and stored in the refrigerator until assayed for semm calcium. Serum 
calcium Is measured (see above) daily for at least 7 days following TPTX. 

Uses of Compounds of This Invention 

Compounds of this Invention which bind to an SH2 domain of interest may be 
used as biological reagents in assays as described herein for functional classification of a 
pTyr-binding domain (e.g. SH2 or Pi domain) of a particular protein, particularly a newly 
discovered protein. Families or classes of such proteins which bind to pTyr-containing 
ligands may now be defined functionally, with respect to llgand specificity. Moreover, 
compounds of this invention can be used to inhibit tiie occun"ence of biological events 
resulting from molecular Interactions mediated by ttie protein of Interest Inhibiting such 
Interactions can be useful in research aimed at better understanding ttie biology of events 
mediated by tiie binding of pTyr-containing ligands to tiieir receptors. 

Such compounds would be useful, for example, in the diagnosis, prevention or 
treatment of conditions or diseases resulting from a cellular processes mediated by tfie 
binding of a pTyr-containing ligand with a receptor ttierefor. For example, a patient can be 
ti^ated to prevent tiie occurrence or progression of osteoporosis or to reverse Its course 
by administering to tiie patient in need tiiereof an SH2inhibltor which selectively binds Src 
SH2 or otiienvise interferes witii Src-mediated signaling. 

There are many otiier conditions for which such signal transduction inhibitors may 
be useful tiierapeuticaily, including, e.g., breast cancer where tiie SH2 domain-containing 
proteins Src, PLCgamma and Grb7 have been implicated. Otiier relevant conditions 
Include prostate cancer, In which case targeting Gib2, PLCgamma, and P13K, all of which 
contain SH2 domains, may be useful In treatment or prevention of the disease. Inhibition 
of tfie interaction of Grt)2 or Abl SH2 domains witti BCR-abI may be useful to treat chronic 
myelogenous leukemia (CML) or acute myelogenous leukemia (AML). 

StiU otiier relevant applications Include ttie prevention of interferon-, growUi factor-, 
or cytokine-mediated diseases (e.g. Inflammatory diseases) by targeting ttie Interaction of 
STAT proteins witii their pTyr-containing ligands or othenwise inhibiting tiieir signal 
transduction pathways. Agents that block the SH2 domains of ZAP-70. or which 
ottienwise Inhibit ZAP-70-medlated signaling, would be candidates for the treatment of 
immune-related disoixiers such as rejection of transplanted bone mam)w, skin or otiier 
organs; rtieumatold arthritis; inflammatory bowel disease; and systemic lupus 
eryttimatosis. and a variety of autoimmune diseases. 

By virtue of tiie capacity to Inhibit protein-protein Interactions or a relevant kinase 
or phosphatase activity required for cellular events of pharmacologic Importance, 
compounds of tills invention which inhibit cellular signal transduction may be used in 
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pharmaceutical compositions and methods for treatment or prevention in a subject in need 
thereof. Such inhibitors can be used to treat or reduce the risk of the diseases or their 
pathological effects mediated by such interactions. 

For example, dmgs that completely block one of the two ZAP SH2 domains should 

5 effectively prevent ZAP from associating with the activated TCR and thus block T cell 
activation. A ZAP antagonist or inhibitor would specifically inhibit T cells and avoid the 
toxicity of the currently used immunosuppressive dmgs, FK506 and cyclosporin, which 
target the more ubiquitously expressed protein, caldneurin. Since catcineurin is required for 
cellular activities in several tissues in addition to T cells, cyclosporin and FK506 cause side 

10 effects in the kidney and central nen/ous system which limit their application largely to 
patients with organ transplant rejection. 

Therapeutic/Prophylactic Administration & Pharmaceutical Compositions 

Compounds of this invention can exist in free form or, where appropriate, in salt 

15 fonn. Phamiaceutically acceptable salts of many types of compounds and their 

preparation are well-known to those of skill in the art. The phannaceuticaily acceptable 
salts of compounds of this invention include the conventional non-toxic salts or the 
quaternary ammonium salts of such contpounds which are fomned, for example, from 
inorganic or organic adds of bases. 

2D The compounds of the invention may form hydrates or solvates. It is known to 

those of skill in the art that charged compounds form hydrated species when iyophiiized 
with water, or forni solvated species when concentrated in a solution with an appropriate 
organic solvent. 

This invention also relates to pharmaceutical compositions comprising a 
2S therapeutically (or prophylacticaliy) effective amount of the compound, and a 

pharmaceuticaily acceptable earner or exdpient Carriers indude e.g. saline, buffered 
saline, dextrose, water, glycerol, ethanoi. and combinations thereof, and are discussed in 
greater detail below. The composition, if desired, can also contain minor amounts of wetting 
or emulsifying agents, or pH buffering agents. The composition can be a liquid solution, 
30 suspension, emulsion, tablet piil. capsule, sustained release fomrtulation. or powder. The 
composition can be formulated as a suppository, witti traditional binders and earners such 
as triglycerides. Oral formulation can indude standard carriers such as pharmaceutical 
grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, 
magnesium carbonate, etc. Formulation may involve mixing, granulating and compressing 
S or dissolving tiie ingredients as appropriate to tiie desired preparation. 

The phannaceuticai carrier employed may be, for example, eitfier a solid or liquid. 
Illustrative solid carrier indude lactose, terra alba, sucrose, taic, gelatin, agar, pectin, 
acacia, magnesium stearate, stearic add and tiie like. A soiki carrier can indude one or more 
substances wNch may also act as flavoring agents, lubricants, solubilizers, suspending 
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agents, fillers, glidants, compression aids, binders or tablet-disintegrating agents; it can 
also be an encapsulating material. In powders, the carrier is a finely divided solid wbich is 
In admixture with the finely divided active ingredient In tablets, the active ingredient is 
mixed with a carrier having the necessary compression properties in suitable proportions 

5 ,and compacted in the shape and size desired. The powders and tablets preferably 
contain up to 99% of the active ingredient. Suitable solid carriers include, for example, 
calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, 
cellulose, methyl cellulose, sodium carisoxymethyl cellulose, polyvinylpyrrolidine. low 
melting waxes and ion exchange resins. 

10 Illustrative liquid carriers include syaip. peanut oil, otive oil. water, etc. Liquid 

carriers are used in preparing solutions, suspensions, emulsions, syrups, elixirs and 
pressurized compositions. The active ingredient can be dissolved or suspended in a 
pharmaceuticaliy acceptable liquid carrier such as water, an organic solvent, a mixture of 
both or pharmaoeutically acceptable oils or fats. The liquid carrier can contain other suitable 

15 pharmaceutical additives such as solubilizers, emulsifiers. buffers, preservatives, 
sweeteners, flavoring agents, suspending agents, thickening agents, colors, viscosity 
regulators, stabilizers or osmo-regulators. Suitable examples of liquid earners for oral and 
parenteral administration include water (partially containing additives as above, e.g. 
cellulose derivatives, preferably sodium cartsoxymethyl cellulose solution), alcohols 

2D (including monohydric alcohols and polyhydric alcohols, e.g. glycols) and their derivatives, 
and oils (e.g. fractionated coconut oil and arachis oil). For parenteral administration, the 
carrier can also be an oily ester such as ethyl oieate and Isopropyl myristate. Sterile liquid 
carders are useful in sterile liquid form conrpositions for parenteral administration. The liquid 
carrier for pressurized compositions can be halogenated hydrocarbon or other 

2 pharmaceuticaliy acceptable propellant. Liquid pharmaceutical compositions which are 
sterile solutions or suspensions can be utilized by, for example, Intramuscular, 
Intraperitoneal or subcutaneous injection. Sterile solutions can also be administered 
intravenously. The compound can also be administered orally either In liquid or solid 
composition form. 

33 The carrier or exdpient may include time delay material well iviown to the art. such 

as glyceryl monostearate or glyceryl distearate along or with a wax, ethylcellulose, 
hydroxypropylmethylcellulose, methylmethacrylate and the like. When fomiulated for oral 
administration, 0.01% Tween 80 In PHOSAL PG-50 (phospholipid concentrate with 
1 .2-propylene glycol, A. Nattennann & Cie. GmbH) has been recognized as providing an 

£ acceptable oral fonnulation for other compounds, and may be adapted to formulations for 
various compounds of this Invention. 

A wide variety of pharmaceutical forms can be employed. If a solid carrier is used, 
the preparation can be tableted, placed in a hard gelatin capsule In powder or pellet form 
or In the form of a troche or lozenge. The amount of solid carrier will vary widely but 
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preferably will be from about 25 mg to about 1 g. If a liquid carrier is used, tlie preparation 
will be in the form of a syrup, emulsion, soft gelatin capsule, sterile Injectable solution or 
suspension in an ampule or vial or nonaqueous liquid suspension. 

To obtain a stable water soluble dosage fomn. a pharmaceutically acceptable salt 
of the compound may be dissolved in an aqueous solution of an organic or inorganic add, 
such as a 0.3M solution of succinic acid or citric add. Alternatively, acidic derivatives can 
be dissolved in suitable basic solutions. If a soluble salt form is not available, the 
compound is dissolved In a suitable cosolvent or combinations thereof. Examples of such 
suitable cosoivents indude, but are not limited to, alcohol, propylene glycol, polyethylene 
glycol 300, polysorbate 80, glycerin, polyoxyethylated fatty adds, fatty alcohols or 
glycerin hydroxy fatty adds esters and the like in concentrations ranging from 0-60% of 
the total volume. 

Various delivery systems are icnown and can be used to administer the compound, 
or the various formulations thereof, induding tablets, capsules, injectable solutions, 
encapsulation in liposomes, micropartides, microcapsules, etc Methods of introduction 
Indude but are not limited to demnal, intradermal, intramuscular, intraperitoneal, intravenous, 
subcutaneous, intranasal, pulmonary, epidural, ocular and (as Is usually preferred) oral 
routes. The compound may be administered by any convenient or othenwise appropriate 
route, for example by Infusion or bolus Injection, by absorption through epithelial or 
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc) and may be 
administered together with other biologically active agents. Administration can be systemic 
or local. For treatment or prophylaxis of nasal, bronchial or pulnrtonary conditions, pref en^d 
routes of administration are oral, nasal or via a bronchial aerosol or nebulizer. 

In certain embodiments, it may be desirable to administer the compound locally to 
an area In need of treatment; this may be achieved by, for example, and not by way of 
limitation, local infusion during surgery, topical application, by injection, by means of a 
catheter, by means of a suppository, or by means of a sldn patch or implant, said implant 
being of a porous, non-porous, or gelatinous material. Induding membranes, such as 
sialastic membranes, or fibers. 

in a specific embodiment, the composition is formulated In accordance with routine 
procedures as a pharmaceutical conr\position adapted for intravenous administration to 
human beings. Typically, compositions for Intravenous administration are solutions in 
sterile isotonic aqueous buffer. Where necessary, the composition may also Indude a 
sdubllizing agent and a local anesthetic to ease pain at the side of the injection. Generally, 
the ingredients are supplied either separately or mixed together in unit dosage form, for 
example, as a lyophilized powder or water free concentrate in a hermetically sealed 
container such as an ampoule or sachette indicating tiie quantity of active agent Where 
the composition is to be administered by Infusion, it can be dispensed with an Infusion 
bottle containing sterile pharmaceutical grade water or saline. Where the composition is 
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administered by Injection, an ampoule of sterile water for injection or saline can be 
provided so that the ingredients may be mixed prior to administration. 

Administration to an individual of an effective amount of the compound can also be 
accomplished topically by administering the compound{s) directly to the affected area of 
the skin of the individual. For this purpose, the compound is administered or applied in a 
composition including a pharmacologically acceptable topical carrier, such as a gel, an 
ointment, a lotion, or a cream, which includes, without limitation, such carriers as water, 
glycerol, alcohol, propylene glycol, fatty alcohols, triglycerides, fatly add esters, or mineral 
oils. 

Other topical carriers include liquid petroleum, isopropyl palmitate, polyethylene 
glycol, ethanol (95%), polyoxyethylene monolaurate (5%) In water, or sodium lauryl 
sulfate (5%) in water. Other materials such as anti-oxidants, humectants, viscosity 
stabilizers, and similar agents may be added as necessary. Percutaneous penetration 
enhancers such as Azone may also be included. 

In addition, in certain instances, it is expected that the compound may be disposed 
within devices placed upon, in, or under the skin. Such devices Include patches. Implants, 
and Injections which release the compound Into the skin, by either passive or active 
release mechanisms. 

Materials and methods for producing the various formulations are welt known in tiie 
art and may be adapted for practicing the subject invention. See e.g. US Patent Nos. 
5.182,293 and 4,837,31 1 (tablets, capsules and other oral formulations as well as 
Intravenous fomnulations) and European Patent Application Publicatfon Nos. 0 649 659 
(published April 26, 1 995; illustrative formulation for IV administration) and 0 648 494 
(published April 1 9, 1 995; illustrative formulation for oral administration). 

The effective dose of the compound will typically be In the range of about 0.01 to 
about 50 mg/kgs, preferably about 0.1 to about 10 mg/kg of mammalian body weight, 
adrrtnistered In single or multiple doses. Generally, the compound may be administered to 
patients In need of such treatment In a daily dose range of about 1 to about 2000 mg per 
patient 

The amount of compound which will be effective In the treatment or prevention of a 
particular disorder or condition will depend in part on tiie nature and severity of the disorder 
or condition, which can be detennined by standard clinical techniques. In addition, in vitro 
or In vivo assays may optionally be employed to help Identify optimal dosage ranges. 
Effective doses may be extrapolated from dose-response curves derived from in vitro or 
animal model test systems. The precise dosage level should be determined by the 
attending physician or other health care provider and will depend upon well known factors, 
including route of administration, and the age, body weight, sex and general health of the 
individual; the nature, severity and dinlcal stage of the disease; the use (or not) of 
oonoomitant therapies. 
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The invention also provides a pliarmaceutical pack or kit comprising one or more 
containers filled with one or more of the ingredients of the phamnaceutical compositions of 
the invention. Optionally associated with such container(s) can be a notice in the form 
prescribed by a governmental agency regulating the manufacture, use or sale of 
pharmaceutical products, which notice reflects approval by the agency of manufacture, 
use or sale for human administration. 

m m m m 4 

The representative examples which follow are intended to help Illustrate the 
invention, and are not intended to. nor should they be construed to, limit the scope of the 
invention. Indeed, various modifications of the invention and many further embodiments 
tiiereof , in addition to tiiose shown and described herein, will become apparent to tiiose 
skilled in the art from tiie full contents of this document, including the examples which follow 
and ttie references to tiie scientific and patent literature cited herein. It should furtfier be 
appreciated tiiat the contents of tiiose cited references are incorporated herein by 
reference to help illustrate tiie state of the art. 

The following examples contain important additional information, exemplification and 
guidance which can be adapted to the practice of this invention in its various embodiments 
and the equivalents thereof. 
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Bximples 



AbbieviaUons. The foUowing abbieviattons are used in ttus document. 



Abu 
5 Ac 
aq 
Bn 
Boc 

BOCON 
10 Cbz 

GDI 

Chx 

DCM 

DBU 
15 DIBAL-H 

DIEA 

DMAF 

DME 

DMF 
20 DMSO 



ajpha^uxdnobtiiyric add 
acetyl 
aqueous 
bacyl 

tEitiaxy butyloxycaibonyl 
(CH3teCOC02N=C(C6H5)CN 
benzyloxycazbon^ 
l,l'-caibonyldiimidazole 

^irWommfifeanfi 

l,8-diazabicydol5.4.0lundec-7-ene 





EDC'Ha 




Gbi 




Qu 


75 


Ghr 
HMDS 




HOBT 




HPliC 




UHMDS 




MeCN 


30 


MS 




Ms 




NBS 




NMR 




Pd/C 


35 


Bodidlesait 




satd 




Su 




pyr 




rtorRT 


40 


TBAF 




TBS 




TPA 




TFAA 




1HF 


45 


TTX: 




IMS 







N<K''diisopxx>pyIe6i^amine 

4-<iiixieth3aaznjnopyi^^ 

eth)4ene glycol dmnefhyl ether 

Ni^-dimeoiylfonnamide 

dimefliyisulfoxide or methyl sulfoxide 

l.^-dtoefeyiaminopn>py&-3-ethyicaibodumide 



g^utaxnkadd 
gi]^dne 

l,l,l^^>hexamfithyldisilazane 
1-hydxoxybenzotriazole 
him peifotmanoe liquid 
l^Sium hexaxneth^disilazide 
aoetomtnle 
mass specUo gi fity 
inethanesnlfooyl 6nesyQ 

N4?romosaocinWdp 

xutdear magnetic tesonanoe 

palladium on carixm 

potassium sodium taxtzate 

eatutated 

suocinixzdde 

pyridine 

room temperature 

tetrabutyiammonium fluoride 

tertiazybut^dimethylsOyl 

tcifLttoroaoetic add 

trifluoroaoetic anhydride 

tetrahydrofuran 

Oiin layer duomabogcaphy 

tdxnethylsayl 

tyrosine 
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10 



20 



rmasrfif^i j rt for 3 h. Solvents were removed 

of dieaiyl«mine«d the mixlorevrasvigorottsly stored «rt for 311. SOI 

without purificatioii in the next step. 

n X 100 U Tbe ««bln«i «c.«cts (secoad) were w«hed water. d«d over 

comDuico ««« ^„.,^ ftnm MAcAcxuie to give a white soUd (4.6 g. 

cottccntnted to a solid which.was lecrystallized fiom EtOAcfticxane w 

88%). MS [M - HI" 428. m.p. 104-105 ®C 

Mhydrous DME. purged with N2 end eooled to ^2 C (OiSCN/oiy 
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bis(«methylsUyD«mide (I M THF. 48^ ml, 4».9 mmol) «id U« «««ioi. matBre 
«taed at -42 °C for 15 min. DieUiylcUotophosptoJe (4.7 mU 32.6 mmol) added «nd the 
onmge«.hitioow»stfaedtf-42°C for «. .ddWonal 20 mln brfbre being .peached wW. 1 N 
HCI ao ml) The mixture was further dUuted with water aiul extracted with EtOAc (3 x 100 
5 mL). The eombined ext™;ts we« washed with water, dried over MgS04. fUtered. eoncenttated. 
„d ehwrnatogiaphed over silica gel (3% MeOWCH2a2) to gWe a colorless oil (6.0 g. 65%). MS 
[M- HI' 564. 

i.\ M.w««^frHfPOiPf>ViMrP llC-0H 
VS TO a soluUon of N-Boci,[CH(P03Et2)2>L-Phe^Me (0.490 g. 0566 mmol) to 5 oL of IW 
cooled to 0 »C was added dropwise a eoltitioii of Uthtam hydwxldo monohydfalo (49X) mg. 1.17 . 
„moDtol.O»Lof«aterTliere.ctionmixtu,ew.sstteedatO«Cforlh. THF was tmoved 
«rfer«du«edp«ss«e to. yellow oU which was dUuted with 10 mL of I NHCL 1he«n.eous 
phase was extracted with CH2Cl2( « X 15 mL). «id the extracts we« combtaed. dried over 

15 N.2S04. aitd concentrated to afford 0.453 g (95-/.) of N.Bo^lCH(P03Et2)2l-Wh«^H as a 

oyttailinB wlate solid. MS IM - HI" 550. m.p. 84-87 "c 

^„ ^ ,, ,^, T ^ , .w,„v..n,inn ■> rfs>.u^-r,.rhann>vH-nfr1nhmlmrtlmifY-phtnYlV 

20 To N.Bo>p[CH(PO3EtD2>L.PI«^H(2:0 g. 3« ««oI) In CHjCte/DMF (5:1. 37 mL) .1 0 
'Cwas^ldedHOBT (0.54 8.358 mmol) and EDC (0.76 g. 3.9$ mmol). Ihemhctum was stated 
fee 10 mto then (S>.S-(l-«nino-ethyD.2.cyclohexyUncthoxybeni«nlde (WO 97A2903) (UO 

g. 358 mmol) was added -ulrttrinsw co.>tl«"«l«» 1 "'"«»°» ^ 
.nd the laye« separated. Ue aqueous layer was «xt.«*d with methylene chloride and the 
25 coBbinedLractswe«wash«lwithw«er.lHHa «tMNaHC03.dri«lo»erm.gD«^ 
«Jlii,e.«rfeooeent«tedtbatf.ssy solid <?Ag. 95%) wMA was homogeneous^ 

-iq*808. 

ToK4-KS).2-»ert.B»toxyc«bonyl«ntoo-2H(S)-lK3<.rb«noyl.4.cyelohex,hnethoxy.^^^^ 
ethylcaAamoyll-.thyl).phenyl)<diethoxy.phosphoorl)-methyll-phosphomc acid diethyl ester 
(2.8 g. 3J mmol) hi methylene chloride (20 mL) was added TFA (6 mL). The mfactB« v«s 
stinedfor20mto,eva^.od.yness.«.ddlssolvedmDK^^^ 't^fLJ. 
35 HPU:(CH3CK«2P)«i*tWhyUzationyieldedawhltesoUd(l.9 g.2J mm.l.66%).MS(M + 

HI* 710. 
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To K4.{(S)-2-ammo.24(S)-l-(3-carbamoyM-cyclobexylmethoxy-phenyl)^thylcart 
5 ethyl).phettylHOi«hoxy-phospho,yl).methyll-phospbonic acid diethyl ester-TFA salt (19 g 
23 mmol) in CH2CI2 (SO bL) M 0 w« «lded DIPBA (2J2 mL. 13.4 mmol) «,d A02O (032 
mL. 3 34 mmol). Tte mixmre was stined for 10 min, diluted with 1 N HCl tni the Uy«« 
.epented. Tbc a<p.eo« layer was extracted with methylene ehloride and the combined extnet. 
were washed with water. 1 N HCl. safd NaHCOs. dried over magnesium sulfate, mid 
10 coBcea««ted«oagl.sv»M(Ug.98%)wlilchwashomogencoi«l7HPI^MSIM-Hl 750. 

To i(4.{2-Acetylamlno.2-tH3-carbamoyl-4^clohexylmethoxy.phenyD.ethylcarbamoyl]- 

15 ethyl}i)hciiyIK«efl««q'-I*osP''<>'y')-»«'^y'J-P''"P''''"' " ^'^^ 

JoO h. CHjCN (30 «L) M .10 oc was added TMSI (6.92 mU 4S.7 mmol). The m-stuxe was 
stdlred for 10 mm, quenched with sat'd NaHCOa »ni decoloriied with the dn.pwise uUitioa of 
10% sodtam hydrogen sulfite. The CH3CN was removed on a rotary evaporator and the 
,«„3idng a<p«ous sotation iluted with DMF (10 mL). Purification by RP HPIX: (CH3Q«H20) 

20 «nd^hyU2attonyieldedawWte*ond(Wg.<ffl4).MStM+Hr«39. 

P^.«.ylv^■lm!mhffll^^^^^<<rtwn.Bholt|JK^ »cid 



25 



30 




TO a «.l«tion of A'^ydroxyacetopheoone (10.6 g. 77.7 mmol) in 600 "i; 
H2O at room temperature was added CS2CO3 ( 25.6 g. l.Ol e<0. Tbc reactton mature 
. immediately mmed yellow «ul was then stirred for 40 mbi. The MeOH was ,emov«l to vacuo. 
.ad the rmainbc HjO was removal azctropicdly with 5 x 100 mL toluene. The resultmg 
yeUow solid was suspended in DMF (450 «L) and treated with C,omomethyl)cycloh«amc (13.0 
,nU U e<0. Tlie re««lon mixture was heated to 90 -C and stirred ovenUght The reaction 
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mixture was then cooled to room tcmpcratme. poured into 500 mL of ice water and extracted 
with EtaO. The Et20 extract was dried over MgS04 and concentrated in vacuo to a yellow oil. 
which smeUed of the starting bromide. Iht bromide was distilled off at 50 X under high vacuum 
until the bottoms reached a constant weight (13.96 g. 77%). TTiis oil solidified to a white solid 
5 upon standing. NMR (300 MHz. CDCI3): 7.91 (2H. d. J « 8.9 Hz). 6.90 (2H, d. J - 8.8 Hz). 
3.81 (2H. d. J = 6.1 Hz). 2^5 (3H, s). 1.8 (6H, m). 1-2 (3H, m). l.l (2H. m). 

(b) f ffVl-M-f^v1o^ ff^^lnethoxv^nhenv1Vl^ethanQi 

A solution of KMCyclohexyUncthoxy)phenyl)cthanone (1.05 g, 4.5 mmol) in THF (2.5 mL) 
10 was added dropwise to a solution of (+).DIP-Cl (2 J g 1.59 eq) in THF (7.2 mL) at -55 mider 
N2. The leacdoa mJjduie was aUowed to slowly warm to -14 -a After 1 8 h, the reaction mature 
was warmed to room temperature and concentrated In vacuo. The resulting oil was tiien diluted 
witii Et20 (50 mL) and treated witii dietiumolamine (1.5 mL). This mature was stirred for 3 h 
and tiien filtered through Celite to remove tiie white precipitate. Tlie filtrate was removed in 
15 vacuo to give a yellowish oiU Flash chromatogiaphy on silica gel during witii 20:1 to 85:15 
hexanes-EtOAc afforded 790 mg of maUrial contaminated witii reagent by-products as 
impurities. 

(C) (,< ^1^4.fnv!Q ^>^w1methoXY)ph«-nviV1-ftridoethanc 

20 To a solution of (10-l-(4-(Cylohexylmctiioxy)phenyl)-l-etiianol (790 mg. 33 mmol) in toluene 
(5.7 mL) at 0 was added (PhO)2PON3 (0.87 mL, U eq) foUowed by DBU (0.61 mU U eq) 
(dropwise). Tlie reaction was aUowed to slowly warm to room temperature overnight The 
^irtu^w^ waAed witfi HiO and S% aq HCL Tlie organic Uyer was dried over MgS04 
and concentrated in vacuo. Flash chromatography on siUca gel eluting witii 100:1 to 20:1 
25 hexanes-EtOAc gave 700 mg of pme szid. Nb4R (300 MHz, CDOa): 7^ (2H. d J - 8.6 Hz). 
6.88(?H.d,J«8.6Hz).4.55(lH.q.J-6.8Hz).3.75(2H. d,J-6aHz), 1.8 (6H0. 1^1 (3H. 
d, J « 6.8), lis C3H, m). 1.05 (2H, m). 

(d) (, <^4U'nv!ohex vtmMhnrv^nhenYlV1'^*^^^«"^^"^ hydrochloride SSU 
30 A solution of (fi).H4-(Cylohexylmetiioxy)phenyl)-l-azidoetiiane (700 mg. 2.69 mmol) in 
ElOH (50 mL) containing 10% Pd/C (143 mg. 0.05 eq) was stirred under an atmosphere of H2 
(balloon) for 2.5 h. The catalyst was tiicn removed by filtration, and tiie filtrate was 
concentrated in vacuo. The material was diluted witii 50 mL of Et20 and acidified witii 50 mL 
ctiiertal HCl (prepared ftom 50 mL Et20. 0.27 mL MeOH and 0^9 mL AcCl). The resulting 
35 HO saU precipitated and was coUected by filtration. NMR of free base (300 MHz, CDCI3): 7:25 
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(2H, d. J - 6.8 Hz). 6.85 (2H, d . J = 6.7 Hz). 4.05 (IH. q. J - 6.6 Hz), 3.73 (2H, d. J « 6J 
1.75 (6H m), 1.35 (3H. d, J « 6.6 Hz), 1.22 (3H, m). 1.05 (2H, m), 

^^^.^.f^^.i yUfr^inn.7M f^y ^4^.vcinhi>vvifnrthoxvnhcnviVgthYi wbamoY l HthYDr 
5 rllfrnYlVr^»sptiftnn.methvn.ohosohonic aoid 

The tiUc compound was synthesized in a mamier similar to that described for Examplcl. The 
product was obtained as a colorless powder. Electrosptay Mass Spectrum (50/50 acetonitrile/water 
+ 0.1% ammonium hydroxide) m/z 5952 (M-H). 

10 f,rmvU ? u n u i\ 




15 A mixture of 4.hydroxybenzaldehyde (122 g, 10.0 mmol). K2CO3 (1.45 & 10.5 mmol). and 
biomomethylcyclohexane (1.54 mL. 11.0 mmol) in CH3CN (20 mL) was stirred at itflux for 
three days. The reaction mixtmc was then cooled, pouicd into I aq Na^^ 
Et20. ITie extract was washed with H2O and brme. Tho aqi^ 
with EtiO. ami the combined extracts were dried over MgS04 «nd concentre 

of ether as a soUd. This material was used without further purification. 



20 



25 



30 



^) 4^nyftinhBxv1mrthoxv>hcnzQXiinfi 

To a solution of 4<Cyclohexyhnethoxy)benzaldehyde (1.97 g. 9.02 mmot) in pyndme (10 mL) 
atit miderNi ^ added hydmxyUunine hydrochloride (0.69 g, 9.93 mmol). THe yeUow solution 
was stirod at rt for 2 h and then concentrated umler a stream of nitrogen^ 
up in CHCI3 and loaded onto a siUca gel column. EluUon with 5 : 1 hexanes^ acetate followed 
by 3:1 hexanes^yl acetate afforded 2,07 g (98%) of oxime as a mfaoure of geometric isomeis. 

(c) 4-/rvrinhe<vimrthoyvlben7:vlBmitirr hYdrechlorife 

K soUition of 4KCyclohexylmethoxy)benzoxime (2.06 g. 8.83 mmol) in EtOH (80 mLXonc. 
Ha (0.75 mL) contaUilnB 10% PdTC (0235 g, 022 mmol) was stirred under an atmosphere of 
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H2 (double stuffed balloon) for S h. The mixture was then filtered through a pad of Celite using 
excess EtOH. The solution was concentrated under a stream of N2 overnight The resultmg solid 
was trwsfened to a filter and washed with Bt20. The solid was dried to 2.14 g (9SVo) of 
&mine«HCl. Electrospray Mass Spectnmi (SO/SO aeetonitrile^water + 0.1% ammonium hydroxide) 
5 ra/2 203.3 (M+H-NH3). 

rd WM.ff5V2-Acetviainino-2-r4^clohexvlmethoxv.benzvlcarbamovn-ethYn-Phenvl)- 
pho!?phono-methvlVphosphonic acid 

The title compound was synthesized in a manner similar to that described for Example 1. The 
10 product was obtamed as a colorless powder. Hectrospny Mass Spectrum (SO/SO acetottitrile^vater 
•I- 0.1% afflfflonium hydroxide) oAb 581. 0 (M-H). 

Eyamply 4 

rM-(f.^2.rU3>CRTbainovl^isobutoxv-DhenvlVI-methvlH?thvlcaTbamQY^ 
IS dimeAvlpropionvlflminoWthvU-phenvlVphosphonQ-methvlVnhosphQnic acid 



fat S-Awtyl-2-a-inffthyipropYiQyY)bffn«midc 

To a mixture of S-acetylsalicylamide (8.96 g, 50.0 mmol) in 400 mL of MeOH contaming 10 
mL of H2O was added CS2CO3 (16.45 g, 50.5 mmol) at it The mixture was stirred at it for 44 

20 mhL The resulting yellow solution was then conceatrBted fo vacuo. Toluene (•<'200 mL) was 
added to the tesldue and then removed in vacuo to azeotropieally remove the H2O. This was 
repeated twice more. The rcsuUmg yellow powder was suspended in DMF (-200-300 mL) and 
treated with isobutyl bromide (8.2 mL» 75.0 mmol). The reaction mixture was sttntd at 90 °C for 
20 h and then cooled to it Water (-500 mL) was then added with vigorous stirring. The mixture 

25 was then cooled to 0 *C with contmued stirring. The mixture was then filtered, and the solid was 
washed with H2O and Et20. Diymg under high vacuum over P2OS afforded 10.44 g (89%) of 
ether. 

(b) S-f1.Hvdroxv-Ufnethv!ethvn-2.a-methvlproovloxv^bcnzamide 
30 To a suspension of 5.Acetyl-2-<2-methylpropyloxy)benzamide (10.44 g. 44.4 mmol) in THF 
(100 mL) at 0 *C under N2 was added MeMgBr (90 mU 3.0 A/ hi Ct20). The resulting thick 
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sluny could no longer be stirred with the magnetic stirrer, so the flask was swirled by hand a few 
times. An addiUonai 20 mL of THF was added to allow the reaction mature to be stirred with the 
magnetic stiner. After I h, the reaction was still incomplete, so an additional 15 mL of McMgBr 
and 10 mL of THF was added. The reaction mixture was stirred at 0 "C for an additional I h and 
5 then quenched by the slow, careful addition of I M aqueous H2SO4 at 0 'C. Tlie mixture was 
diluted with additional I Af H2SO4 and then extracted with EtOAc. Hie extract was then washed 
with H2O and brine. The aqueous washes were reeactracted once with EtOAc, and the combined 
extracts were dried over MgS04 and concentrated. Hie crude material was purified by flash 
chromatogrephy on sUica gel Elution with 20:1 CHCl3-MeOH did not produce good separation, 
10 AU fiactions containing product were collected and concentnled. The icsidued was lesubjected to 
flash chromatography on silica gel Elution i«dth 1:1 ElOAo-heitanes followed by 2:1 EtOAo- 
hexanes afforded S.ll g (46V«) of alcohol 

(C) VUATido-l-m Mhv1«>thv!V2^..niethvlpr0DVf0XY>bcn7,amidg 
15 To a mixture of NaN3 (3.96 g, 60.9 mmol) in a solution of 5<l-Hydroxy.l-mcthylcthyl)-2-(2- 
met!vlpropyloxy)benzami4e (5.1 g. 20 J mmol) in CHCI3 (160 mL) at 0 under N2 was slowly 
added TFA (7.8 mL, 101 mmol). The reaction mixture was stirred overnight while slowly 
warming to rt Hie thick slurry was then poured into H2O (100 mL). The Uycrs were separated, 
and the organic Uyer was washed with additional H2O (100 mL) and brine (100 mL). The 
20 aqueous washes were reexiracted with EtOAc. and the combined extracts were dried over MgS04 
and concentrated. The material was purified by flash chromatography on siUca gel. Elution with 
2:1 hexanes-EtOAiC produced prt)duct tiiat was still contaminated wifli TFA. The product was 
dissolved in ElOAc and washed witii half-satatated aqueous NaHC03 (100 mL) and saturated 
aqueous NaHC03 (100 mL). Hie aqueous washes were reexiracted once witii EtOAc, and the 
25 combined extracts were dried over MgS04 and concentrated to 5.23 g (93%) of aiide as a white 
solid whkh was used witiiout fiiitfaer purification. 

(d) S-n.Amino-l-P irthy1ftthv1V2-n.m>^thy1nrflnvloxv^henzamidc 

A solution of tiie azide (5.23 g, 18.9 mmol) in EtOH (170 mL) containing 10% Pd/C (0.5 g. 

30 0.473 mmol) was stirred at rt under an atmosphere of H2 (double stuffed balloon) for 3 h. At this 
point, additional 10% Pd/C was added and tiic balloon was changed. After an additional 2 h, tiic 
reaction mfacture was filtered tiirough a pad of Celite using excess EtOAc. Hie filtrate was then 
concentnted. Hie residue was dissolved hi 1.0 W aqueous HQ (100 mL) and H2O (150 mL) and 
washed twice witii EtQAc. The aqueous Uyer was tiicn basified by tiie addition of 6,0 hi aqueous 

35 NaOH and extracted twice witii CH2CI2. The combined extracts were dried over K2CO3 and 
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concentrated in vacuo affording 4^0 (91%) of amine as a white solid. Electrospray Mass 
Spectrum (50/50 acctonitrile/watcr + 0.1% ammomum hydroxide) m/z 249.4 (M-H). 

r«.^fr4,fr.<A.%ri-r3.Cftrhamov1-4-isobutoxv-nhenviVUmethvl-ethYlParbamQVIV^^^ 
5 dimethvlpropiQnvlaminoVe thvn.phenvlVphosphono-fiiftthvlVphosDhonic acid 

The title compound was synthesized In a manner similar to that described for Example I. The 
product was obtained as a colorless powder. Electrospray Mass Spectrum (50/50 acetonitrile/water 
-I- 0.1% ammonhim hydroxide) 6S4.1 0^-H). 



10 Erample S 

f{4-y(SV?.ffSV1,r^-rjii4wffinvMJsonronoxv-nhenvlW^^ 
rmpiftnyliiminoWhv1V phenvn.nhosnhQno-methvlVnhosDhQHtc acid 




CONH, 



The title compound was synthesized in a manner similar to that described for Example 1. Hie 
IS product was obtained as a wiute solid. MS [M - H]' (26. 



[rA.fr5;v7-r(SV ix<xiiti4i«mQvl-4.isobutoxv>pheiiv1Wthv1carfaamovi1-?-nhft^^ 
ftfhv1}.phenvlVpbosphon< wttiethvlVphosnhQnic acid 



20 




The title compound was synthesized in a manner similar to that described for Example I. The 
product was obtained as a white solid. MS [M • H]' 674. 



The compounds of Examples 5 and 6 have also been prepared using solid phase chemistry by the 
25 method illustrated in the following scheme: 
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RTample 7 

4. (( < ^V7,Hr^vkmi«n,vrg^.un-car ^ u.mnvM-cvclohevvlmfth(>XV^^h^^ 
phetivLphos phnnoacetie acid 




5 



O M6 



To dicthoxyphosphoryl acetic acid t4,utyl ester (5.04 g. 20 mmol) in DMF (25 mL) was added 
sodium hydride(0.84g. 60 mmoOin small portions under wtro^^ * 
10 l,4^Uodobeii2cne (?3 g, 10 mmol) and copper (I) iodide (3.8 g, lOmmol) in DMF (10 mL) was 
added and ititriogen was bubbled tiitough tins solution for 10 min. to ^ 
air in the system and tiie tube was sealed and heated to lOO^C for 6h. Hie reaction mixtme after 
cooling was poured into 10% hydrochloric acid(200 mL).11ic solution was filtered on ceUte and 
tiic ceUte was repeatedly washed with etiiyl acetate(3 X 50 mL).Ethyl acetate 
15 tiie aquocs solution was extracted repeatedly with ethyl acctate( 2X25 mL). Combined etiiyl 
aceute was washed with water (10 mL), dried (Na2S04)and concentrated to give a yeUow gum 
^eh was purified by column chromatogwphy on siUca gel using heicane/ acetone a/3) to gWe a 
pale yeUow gum wluch solidified in the fieezcr. m.p 6 8^ C ^ i8 g. 72%). 

20 (b) i^/ft-hntoxviafh Q nYH''^'^*^'^^r'*'^'^"'^**^^^^^ 



Zhic (0.1438 g. 2^ mmol) was covered with THF/DMA (2 mL) and heated to 60 C. 
dibomoethane (22 pL)was added and tiie flask was lemoved fiom the oa 
la.) was added and tiie mix was somcated at it for 15 min. after which it was again heated to 60 
25 *C on an oil batii. N-t-butoxycaibonyl-Modo-Ualanine benzyl ester (0.8105 g, 2 mmol) in 
THF/DMA (4mL, l/l ) was added to tiie activated mo at 60^ C and tiie reaction mixture was 
again sonicated for 30 min after which it was heated to 60^ CAftcr Ih, a mhcture of dletiioxy- 
phosphoryl).(4.iodophenyl)acetic acid t-butyl ester (0.4542 g. 1 mmol). 
bis(benzonitrile)palladlum(lDchloride (2l.86mg. 0.057 mmol). tri^tolylphosphine (33.17mg, 
0.l09mmol) in TOF/DMA (8 mL. l/l) was added and tiie reaction nuxture was diluted witii 
excess of etiiyl acetate (--200 mL) and IN Hcl (20 mL) and it was ftlteced tiirough celite. Organic 
Uyer was separated, washed (water. 10 mL) . dried (NaiSOA) and concentrated in vacuo. Hie 
resulting gum was purified by flash chromatography on sUica gel using hexane etiiyl acetate 
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(»$/!$) to give the «c<)ve«d staitbig material 120 mg. 22%). «kI the prduct. 424 mg (70%), 



in.p.89''c. 



To 4.{(t.butoxycatbonyMtethoxyphophonyl)-methyl-N-<t-butoxye«bonyl.S.phenyl tUnin. 
propionic «id bezyl ester (420 mg. 0.fi95 nunol) was added ethyl acetate (45 mL) foUow«I by 
10% Pd/C (75 mg) care&Uy » an inert atmosphere. THe Hask was fitted with a balloon 
eontaining hydrogen «.d stintd at rt fcr Sh. The eatalyst was ffltered over a pad of ceUte and was 

„f,^ .mfaed with ethyl aeetate(3 X 10 mL). Combined ethyl .cet«e were concentrated to 



10 give 3483 mg (97%), m.p. iss" C. 



15 



tphmvl-nhCTtT"""'"'^'' 
The tWe compound was synthesized in a manner similar to that deseribed fbr Example 1 . The 
product was obtained as a colorless powder. Hcctwspray Mass SpecWm (50/50 acetonitrilcAvater 
+ 0.1% ammonium hydroxide) m/z 602 (M-H). 



20 )iniftr"V'-""'f^Yl1-r*"T'''""'° 

mtitlecompoundwassyntheaiiedinamamiersimilarto 
pioduct was obtained as a wUte solid. MS ^-i- HI 581. 

25 
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5 r.^ O.Ar..■tv^«mino . H^^^TTTr'^^v^'^^'"*^<^"V^>•'>ro^^ ^^^^ '"^^^^ 

To N-acctyW^tyrosine methyl ester (6 g, 25 J mmol) in TOF (60 mL) at rt was added NBS (5.4 
g. 303 mmoI) followed by five drops of sulfuric acid. Tlie mixture was stintd forl6 h at rt 
Tlic solvent was itmoved.undcrieduccd pressure aad then w^ Tlifi aqueous layer 

was extracted twice with EtOAc, and the combined extracts were dried over magnesium sulfate 

10 and concentrated to a soUd. The solid was recrystalUicd firom ethyl acetatcAiexane (6 g, 75%). 
MS[M + H]'^316. 

f^^.^^^^^^^. ^'xjAi.Ahnr y - j^\^^^^^^ m<?thYl ?ster 

To 2-Acc^lamino.3K3-bromo^hydroxy-phcnyl>propionic acid methyl ester (3 g, 9 mmol). 
15 diethyl phosphite (1.6 mL, U mmol) and 4.methyhnorpholine (1.5 mL, 13^ mmol) in toluene 
(10 m^ and MeCN (10 mL) was added Pd(Ph3)4 (0.5 g. 0,45 mmoD- The mixture was allowed 
■ to stir for two days at 100 'C. It was then dilyted with saturated KH4CI and extracted with 
EtOAc. The organic layer was dried over magnesium sulfate, co^nccutrated . and 
chiomatographed over silica gel (5% MeOH/CHCl3) to an oil MS IM + H] 374and[M.Hl 

20 372. 

ll^ ffl methv! ester 

To 2-Acetylamino.3-[3<diethoxy.phosphoryl)4-hydroxy-phenyll.propionic acid methyl ester 
25 (0.15 g. 0.25 mmol) in MeCN (10 mL) was added diethyl chlorophosphate (0.05 mL. 03 mmol) 
followed by K2CO3 (0.07 g, 0.5 mmol) at tt The reaction was sUired for 4 h before H2O (10 
mL) and EtOAc (20 mL) were added. The organic layer was dried over magnesium sulfete. 
concentreted. and chrematographed over silica gel (20% MeOH/CHCls) to an oiL MS CM+ HI 
510. 
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fji) n ( ff ii T ^rr tr—'— ^-^^^^-'-'^ ,„h,n„Yl.4.mlohmlmftthfl«vpli»nYn. 
rlhTliiiirhmnffrl-^'"-^""'^'^''''"^"'''"^'^"''"""^^^ 

The title compound w» synthesized in . manner simiUr to that descrii.ed for Bcanple 1. steps e 
5 imd f. followed by the TMSI promoted deproteetion reaction. To . solutton of 2- 
(dielhylphosphoBylH-{(S)- Wl«nino-2-t(S)-l-(3<«b«n°yW-cyclohexyta^ 

pheayl)ethy»c«bamoyl]ethyl)-diethyl.phosphon.te (JO mg. 0.12 mmol) in MeCN QwL) st -l 
<'Cw».dd«lTMSI(03mL.23mmol). ^ ^ ^ ' ^'W^T^^: 

quenched with saturated N.HCO3 (I mL). Ue resulting mixture was punfied by RP WIC 
10 (CH3CNfll20). LyopUIiation left a white solid. MSP* + H] M2. 

P.T«mnle 10 , ■ i_Atn 

^|,,|,fTP>UpmnvlVm)TfrT^-««rhinn«»vtM>ntvric arid 
HAP' 



IS 




Tto compound was p,q..red foUowing the proeedoie of ex«nple 8 except that 
N(methyl) (3<yclohexylptopyl) (WO 97/12903) was used h the coupling p«)eedu«. MS [M - 
Hl'«48. 

)^]|-7.pl.n«phniiB.rh'-"vlVn1''™ih»>nie aeid 




25 To (J.4^lhy<lroxyphenyl)-Uatanine methyl ester hydrochloride (S.4 g. 25.4 mmol) «d D.- 
.J.»,^dic«bon.to(5.5g.25.4m«o0i«ambch»cofTHF(20mL)andw«erCM^^^ 
was added «Kli»«bl«obn»le (3a g.3S.l mmol). Hii mbcmre was dtowei «» «m«l for 1« h 
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then washed with water, extracted with EtOAc. Hie organic layer was dried over magnessium 
sulfate, concentnted to a soUd. The solid was leciystalllzed ftome ethyl acetateAexane (7 g. 
88%). MS [M + HI* 312. m.p. 132-135 •€ 

-^-(^ ^pj ,.|r{fl».nrnmrthiin e «.tfanvl«v-nhfflv1V?,Wf rf^butOXVCP^^^^ figld 

methyl egt^E 

To 2-/err-ButoxycarbonylamittO-3-(3.4-dihydroxy.phcnyl)-propionic acid methyl ester (12^g. 
38.6 mmol) and triethyl amine (13 mL. 88.7 mmol) in methylene chloride (100 mL) at 0 C 
was added N-phenyl-bis(trifluoromcthane5ulfonimide) (31.6 g. 88.7 mmol). The mixture was 
allowed to stirred for two days then washed sequcatiaUy with 1 N NaOft 
organic Uyer was dried over magnessium sulfate, conccnfratcd to a soUd. The solid was 
(eoystaUized flomo DldUoiemethaaeftiexane . MS IM + Naf 598. m-p. 80-82 

IS mftthvl ester 

To 3^.4-Bis-t^ifluoromethanesulfonyloxy■phcayl)-2-fer^butoxycarbonyhmi^^^ acid 
methyl ester (2 g. 3.47 mmol), diethyl phosphite (1 mU 7.65 mmol) and 4.mcthyl morpholine 
(0^3 mL. 83 mmol) in MeCN (10 ml) was added Pd(Ph3)4 (167 0-15 mmol). The mixture 
was allowed to slined for two days at 95 then ^uted with satnntfcd ^ 
20 EtOAc. The organic layer was dried over magnessium sulfate, concentrated, and 
ehtomatogcaphed over siUea gel (5% McOHmtOAc) to an oU (02 g. 37% yield). MS IM + HI 
552and[M+Nal574. 

25 To^ solution of 3.p,4-BUKdicthoxy.phosphoryl)-phcnyn-2.rtrr.butoxycart 

propionic acid methyl ester (110 mg. 01 mmol) b 5 mL of THF cooled to 0 **C was added 
diopwise a solution of litiuum hydroxide monohydnte (8i mg. 0.2 mmol) in 1.0 mL of water. 
The reaction mndure was stined at O^C forth. IHF was removed under reduced pressure to a 
yellow oil which was dUuted with 10 mL of 1 N HCL TTie aqueous phase was extracted witii 

30 CH2CI2 (2x15 mL). and tiie extnu:ts were combmed, dried over Na2S04, and concentrated to 
afibid an oil 107 mg (100%). MS [M - Hf 537. 

35 Tlie tiUe compound was synthesized in a mamicr similar to tiiat^described for Example 1. The 
pioduct was obtained as a coloriess powder (?0mg). MS (M+H) 626. 
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P fr^K^, ..M „o ^ ^ fi- f/<^o-..^i.minn7.ffSVl-nM-flrtinmnYl-4Hwr,lffhwfflmaho^^ 

pl.«nvlV«thvlj|«*«ninvlW hy'V'-r'"*''°''""""^'"'"''''^*^ ^'^^ 

HAP'*" 




TO p<3.4<Dihyd««yphenyl>U.Unine] methyl ester (5.4 g. 25.4 mmoft »d Di-t«tbutyl 
die«bon«te(5.5g.2S.4nunoI)m.aia«nofTOTaOmL)«ulwter(20.nL)« rt*««Ided 
«K«»mbfcobn«te(3a8.38.1m«oD. The «hctu« w« allowed to stirred for 16 h tii«. w«hed 
10 vrith «.ter. exliEeted with KOAc The otgBiie layer v«s dried over niapiessium sulfite. 
eoncentntedtoasoBd. The solid was recryitdlixed fcane ethyl acetatefteane (7 g. 8»%). MS 

(M + HJ*312. 

15 trill mtlhYlBtw .. , ^ „ 

To-2^Ba»«yea.bonyUmmoKS>3K3.4^ydioxy-phenylH«opU)n^^ ae«J methylester (2 g. 

mmoD hi MeCN (30 mL) was «lded diethyl «hk»opI««l*«to a > >^ " mmoD foUowed 
by K2C03 (3.5 g. 25.6 mmol) at rtlhe reaction was stined for 8 h befc« H2O (50 mL) «ul 



20 



EtOAc (50 inL)i«» added. The org«u6 Uyer was dried om inagneshm «date. c«««^ 
,ni ctaomuogtaphed owr liliea gel (5% MeOOCHOj) to aa oil (?J g. 82%). MS {M + HI 



$84. 



iili - nYlHthYli 7i '^'""~"-«tliY')-''-T'''""'''""'^-"'"^"^''' ^ 
25 m title compound was synthesized in a mB»«r«Bilar to that deseribed for Bx«nplel. The 

p,«tact was obtmned as a eoloriess powder. m.c.rosp«y Mass Sp«*«m (50/50 aeetonitrileA^ 
+ 0.1% ammoniiini hydroxide) MS [M + HI 673 . 
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jBlTamplc 13 

iPi.n«hn.nnirthnxvHih<«vlVnhn!mhniii8 KM 




5 ^.■^ ^■/A.ni«.hvlii> i ft^-'"~>«"f«nvn nmninnic will Ultthv l C5t« ^ 

TO methyl 3K«.yd««ypl««yl) I««Pto"»» (» 6 " -""^ ^° .t 0 C. w« 

«Jded NaH (l.«g. 7J omol) portioawUe. fcction mfactuw stined «»m tempewture 
for 1 ht «d dieftyl «Uo«vhosj*«te (10^ BO. 73 nunol) «ia«i 
«»th« J hB. The «Mtton ^ quenched by dow .MStSon of *««r. Otgmiic tayer 

10 .nd^ieous layer W8sextt«aed with ether twice, combined orgBOc layer v«w»h«^ 

N.OH. brine ««1 dried over MgS04. Afterremovl of the solvent, the cmd* prodne. obtuaed 
as a colorless oU (19.0 g, 9S %). 

15 DUsopropyUatae pi mU 52.1 mmoO in dty THF (200 mL) « -78 was added BuU (32 S 
mL. 1.6 M in hemes, 52.S mmoO via *ytingp. The reaction was stirred at -78 C for 30m.n^^3. 
(4.Diethylphosphonophenyl) pn^iooie «»d methyl «ter (4;66 g. U.7 mmol) in dry THF (2S0 
mL) was added by c-muWton. Stirring wu contumed at -78 «C for 1 hr. The re«tionwas 

dl<Lto«.mt,«K«.t«npe..tp...«p«nd«dvrfa.s.a«nU^ 
20 extr«:tedwhh«lh«r3t»ne^aadco«b»ied«is«acU^w.»daedMgS04ami«oneent«^ 

(caidno was purified by flash column chromatography on silica gel (SO % EtOAcflMiane. Bf - 
0j«?) to giw product as a cleat oO 03 g. yield 50 %). 

3K3-Diethylphosphono-4-hydroxphenyD proplonle aeid.methyl ester (316 mg^ 1 mmol) 
dissolved in 4 mL of DMF a,^ CsjCOj (429 mg. U2 mmol) was added, followed l^r dt^oprowrt 
bronomethylphosphomue (337 mg. U2 mmol). The reaeUon was stirred at 75 C under N2 
overnight The ««*ion was partitioned between EtOAe ^ H2O. org«.ic layer was separated. 
30 dried over Na2S04 «.d concentrated. The residue was further purified by flash column 
d^mtogmphy on ailica gel (10 % MeOOElOAc. Rf - 0.45) to obtafa the pure product as a 
clear oU 474 mg &ield 96 M). 
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3K3.Didl.ylphon*«M^iisopropylphosphoaomeAoxyphenyl) propionic ac.d mettiyl 
«4 °n/6 0,1) in 5 «L ™f .t 0 OC w„ UOIiH^O (60 .43 ouncl) « «L 

onth nCM f8 X 10 mL). Combined organic was 
IN HCl was added. Aqueous phase w« extracted wimix.M<.e A & 

Eleetrospiay mass spectnim: b/z 47M0 Oil-H). 

10 to n f7f^-'-"^'"H 1 rrrl nlinfr'-'"— ""^"^^"^"^^l nirtinmnYlHthYl>-> 

DCmLo-C. 3-(3-Diefl^lphosphono4^propylpKosphoaoBethoxypheayl) peptonic «.d 
(200 mg. 0^2 nm.01) ia U »L of dry DMF «ld.d d»pwis, witi. sU^g. Aft« 5 mu. 
15 Ljl^3^«»«yl-4^ct«ylmethoxyphenyl)cthyl«n^^ 

;^Uy«w»dncdov«NnS04»dcooc««n.cdtogive2S3«g6^ 
20 as an oil 

dwSom « .,J OC «^ luMed IMSI (1.02 ^ ^2 nunol). TTie ««toe w« st.n««l J" 
139 J mg (yidd 68 H). Heetrospny mass specwm: mfa 597^5 (M-H). 



30 
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Rrample 14 n^i.«i\ o 




5 n ^ jr.K,vv.i.n<nh , nl 1 tri" Mt..;...ifnn,ri.yvHihriivlVrropi(inir, mi mrthvl 

Sbiett.oxyphosphocyl^droxypheaylH.roplooic acid me4jrl «ter (3.16 g. ><> ^ 

1 N NaOH. HaO. briae. The org«»o layer was dri«l over MgS04 «ul cooceatrtied. Oud. 
p«ta* «.s puri&d by flaA eol««n d«oa«ogn«lv on .me. ^ 
OJJ) to obtMn an oil 3.41 g (yield W M). 

3<J-dieau,xypliosphoryl-4^«o~metl«neaolfeayl«<y^beay^ «e«l ««« 

l^li .JJ Jdissoived iadcy dioxanoiS .nLtoged^^^*^^ 

Lot). ua(M3«g. 6.7 n»oi).Pd(PPh3)2Cl2(47«g. 0.067 nunoOandae^oa^^ 

,«rt^l.4Hne4ylphenoL Reacdon mbct«. waa degased ^^'^'^^''''^^'2 
ZLd wtetloa «id atined at rt ovetnighL The teacdon mucture was filtated 

cacLed. B^wmsh cil was puHfied by flaah eclunm ctaom.togr.phy (E«>Ac««»«e 90.10. 
Rf - 0 JO) to pye an oil 470 mg (yield 6S %). 

w^di.solvrh3.9 mLCCU««i3.9n^ of M.CN.m04C3M 0*1.8 -00^ 
i„,„a.H20«ulwa.«idcd.Tl««ixto«w.ssd.r«.vigon,us,y«ulR»C,3(0^ 
^ ..en add«l and 0.e mixture was sU,r«l for 1 hr « .t The ««>aon was 
:i„ic Uyer was separated, dried H.2SO4 and «»een.r..ed. Uo residne was pnriHed by (lash 
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eolunm chromMogn^hy on riBc. gpl (4/1 BOAcn.^ Rf - 037) to give pur. product « « 
oil, 153 mg (yield 76 %). 

f.)-, ^-^ . Oi>.t.»wnho. ^ linrrl - l-'-^'""-"'*''^'' '"''''^ 

5 3K3-Dic.hoxyphosphoryl^fonnylH.henyl) propionio «»id methyl ester ( 328.3 eg. I mmoO 
IiN.BH3<J(67.0n.g.iammoO-rcdissolvcdin3«a.MeOH...«oeofmethy.or«g.^ 

.dded. «ul 2 N HCW^H «.s »Ued dropwise with stirrtog to maint«n the ^ 
15 min. the eolor ch««ed veor .lowly. Tbe «Wng w« continued for an addUional 45«m^ 
Lh was evaporated. Residue was taken up In 3 oO- of H2O. sa.«r«ed w«h N.CU e~* 
«Uh 3 (4 X) of ether. Combined org«dc layer was dried MgS04 «u» coneeatnue^ 

etude pioduct 330 mg (yield 100 Vi). 

3<3.Diethoxypho,phoryM*y<J««y«eU.yH*enyl) propionic acid methyl «ur (330 mg, 1 
mmol). PPh3 mg, U mmol) «id CBr4 (365 mg. U «mol) were d>ssolv«l m 5 mL dry 
THF. The re^^tion mixture was stined at 25 »C for I hr. The mixture tumed eloudy. SoM wm 
fflter^i and the filiate was concentrated. The residue was farther purified by flash column 
chromatography on smca gel (B.OACfl»x«» 3/1. Rf-0>»0). Pure product was ob.mn«^ 

150mg(^M3Sy«). 



10 



IS 
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JHS-Dlethoxypho^horyM^momethyl-phenyl) propionic «»d methyl «ter 050 mg. 03 
^w.,dteoWedlnP(OEt)3(2«UU.4mmol)andti».«.c.tonw.sh«.ed«^ Cferl 
ta.TtevolatUe component was blown away by N2 flow. Tl» product was obtmnedaaaclearoa 

25 172 mg (yield: 100 H). 

•IWs compound was synthesized In . BMffler rimnar to that described in «x»Bple 1 . 

TW, compound was synlheslied In . mam»r rimUar to that described in ocample 1. 

con ITfl n fBrtT r inpV-^"-'""^^''"'^''"^-"'""^"^'^ riirtfflinftYntllivn-> 

35 pfin.r'-"""""^M rhrnTlVrhf'T''""'° , , 

This compound was synthested In a mmmer shnilar to that described m «c«nple I . 
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15 



r« v«s «lded 569 «g (5.« nnaol) of KHCO3 .nd l.U nd, («2 ounol) of b««yl 

wiU. E«Ac Tl.e W.S cashed ^th s.«r.«ed «,«eo»s NrflCOj . <>n«l over MgSO* «ui 
eonc«ttiedl»v««».Theen«le .^terid purified by fUsh cluom«og«phy oa riUc. g«l. 
using 85:15 hexuies-ElOAc as the elueot, to give 410 mg 05%). 

„ n n iTT' <-f~^vi-<i-rrftrifltiormn.tliYtelfftnYl1mV?rn«Phtho?tt 
TO . mixture of benzyl 5.fbnnyl.Myd»x^2-.pb.ho.te (410 mg^ U3 » 
CH2C12 t rt ««der N2 ^ -ided 0:28 «L OOO mmoD of BtsN followed by 717 mg p.00 
n«ol) of Ni.henyltrifluorome.lmesulfonimide. Tbe mixture was stirred for M b at rt. dtetod 

.nd concentrated to v«»o. Tto «»de ««erirf W.S purified IV fUsh 
20 get Htttion with 4:1 hexsnes-EHOafBoided 560 Bg^t). 

T-R^n^Mwr.rh n n- fl -l- r'*^'"'^"" 7-rHiirnn-Vim-flnc 
TO a .olnUcn of benzyl S.formyl.6-tt(.riflnorometbyl)s„lfo«ylloxyl-2^aph^^^^^^ 
(U7nunol) In 3.6 «L of dry DMSO and 2.54 «L of dry MeOH at n was ad^ 039 mL 
25 1.) of Et,N. 8. mg (0.038 ««ol) of Pd(OAote. ««1 »5.6 mg (0X3S mmo ) of 
bis(diphcny.phosp.U,o)p«,pane. The mixture ^ under » "r^'^^J^SS^^il" 
for 1.5 h and tt«n at 60 'C for 2 h. THe mixture was then cooled to rt. ddnted with IftO «.o 
««cted with EtDAc fottowed by CHOj. The «.mbined extracu we« dried over MgS04 «.d 
conccouatcd U, vccua. The cmde materia was purified by flash ehromatopaphy on sd^^ 
30 E.«.io.wiU.85:15hex«.es-E.OAcaffi.n.ed.«bctureofp.oduc.s.The«lxnn,wa,d.U.ted^ 
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10 



Et20 vmhed with 10 fflL of IJ) M aqueous Nri)H. H2O «ul atunued •A""'" NH4CU The 
otgMic extt«t was dried over MgS04 uid eo»eeitf»i«l to 

7.Hv^micve« r jTnr"'-' -""thmcvmnhthon .a-clfaniii-iri ffHmt 
A mixture of 7.benzyloxyc.Ao..yl-l-m«lioxyi«pl.tho(l^^]fU™.-3(lfl)^«e 03 «g. 0.095 
mmol) «id . catalytic «no»at of 10% Pd«: in 2 mL of EtOH was rtinedjt rt under an 
.Moihere of H2 (balloon) for21uTtenUxB« was U«« diluted witliTHF and fat«d^^ 

. p«l of CeHto. Uo fflt,«e was tl«i conceotrrted ». w«»o. THe «n«l. n-t.ri.1 » 

Jl^Ld aqueous NaHC03««l«adicdwitl.EtOAc.Tta«p«KisUo^ «>.dtfied with I 

W mucous HO ^ exlrwited with EtOAc Tie extract was dried over MgS04 concentred 
to wnio afibtding 19 mg (79K). 

15 To a solution of 7Jiydroxycari)Oi«rH-ineth«gfnaphtho[l^lJiiran-3(lfl>one 

(19 ma 0.074 mmol) and 30 og (0J)8« mmol) of W}lu(OtBu>N(methyl) O^cydohexylpiopyl) 
(WO W/12903) in 04 «L of (aftCH was «lded 12 mg (0.088 mmol) of HOBT. 19.4 (O.Ul 
„u„oi) of DIEA utd 17 mg (0.088 mmol) of EDC. Tie solution was stined for 4 h at whtA 
point it was poured into 1.0 M «iueo«, citric acid ^ extn«*d with CH2CI2. The organic 
20 «,,«* was washed with half salaried «iueousN.HC03«Ki brine. The aqueous w«he.w«^ 
«««n«ted with EtOAc. «.d th« combined extracts were dried over MgS04 «id coac^ 
»«cw. The ««do inaterial was purified iv lladi chiom-ogiaplW on rilica get BI^^ 
EtOAe povided Iho fitlo compound wldA was tsed diiectfy h «» n««t «<ep- 

25 y^.r.*«n«i.iA, f rtmrnifr'"*"" "'""^ mrnVTrffln-y fmrtiTn 0- . 

^fy^)f^|lMrvlp^opv^ 

JV^7-Crbonyl-l.«.thoxyn.phthotl.2-clf«ran.3(l/0-one).L-Qlu-(OtBu)-W (methyl) (3- 
eyclohexylptopyl). ton ttopeviousnep. was dissolved in2mL 95% ^lueousy^ 
3i The solution was stirred for 75 min and th«i cone««ted under a 

30 N2. The residue was purif^d iv preparative reversei.h.se HPU:. HuUon with 50:50 

(emdi contaidng 0.1% TFA) provided the methyl aectd of the title compound. This meten.1 
wss agahi subjected to the s«ne reaction conditions «id stirred for 36 h « rt The r»cUou 
,„i^cLntra,edmtder.str,«n.fN2.«.d,herem.hU«g.e,^ 

prepar^iv. reverse-phase HPLC. El«ion with 43:57 MeCN-HiO (each 
35 LrIriw4«gof.hetiaoco»po»nd.»HNMRCJ00MHx.CD3CW68^ 

gjM (d. I - 8.7 Hx. IH). 7.83 (d. J - 8.5 Hi. IH). 7.57 (». 111). 6.98 (a. IH). 5 56 (br ^ IH). 
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5.10 (ddd. J - 3.9. 17.0 Hz. IH). 3.57. 3.43 (m. m. IH). 3^7 (m. l.OH). 3.13. 2.90 .. 
3H). 2.45 (m). 230.W0 (te m). 1.75-1.50 (br m). UO-l.lO (br m). 0.M (m) ppm. 

mln''"n''p'"°*" 

To a sotato. of 3.5Hlihydr«x/.2H»phftoic «iid (5.05 g) in MeOH (100 mL) w» «lded TsOH 
10 (93 me). THe «^on mixt«« w« «i«ed «fta for 18 hou« «d then CH(0M.)3 d mL) w« 

(10 top,) «. «Med. Afker «! addition^ 18 h. the re«tion mbctare was cooled to rt. po»ed 
into saturated aqueous N.HCO3 «id extracted with EtOAc Hie extract was dried over MgS04 
„d conceotnrted i„ n««o to give the title compound a. a yeUow-wUte aoUd (S.19 g. 9«4). 

n wa, «Med EI3N (4.0 g. 5.6 oU 403 fflmot) followed by KWTft g. 20:2 mmoO. T1» 
Mta(k« wa, then itiried at It for 18 hour.. Tl» reaction mixtnre was ditoted with 
20 w.d«dwhhl.0W«p.««»HaTto«xlnw*w.sdriedowM|^!O4«ulcon^ 

The cmde material was chrom.togt.phed on .iHca gel (20:1 hex«ier.EtOAc) to give a 1:1 
nUxtute of fte litlo compound and PhNHTt 

/>) lyTMlivl l.j -Pi'tllfnY'-''-"""''"""*' . 
25 To a solution of a 1:1 mixture of methyl 3.S-bU[((trifluon.methyl)sulfonylloxy]-2-«aphthotfe 
pSiHrf (3.24g. 4.5 mmot) In DMF (1105 «L) wa, added (PPh,)2PdCl2 (158 mg. 0^ 
„^l) ^ Ua (1.14 g. 27X) mmol). The «lxt«ro wa, ati.r«i at rt for 20 nun « jj^* 
BojSnCHCHj (2.6 mL, 9.45 mmol) wa, added. The reaction mixture wa, he«ed for 90 .nm 
whereupon «tu.«ed aqueous KF was added. The resulting precipitate was ffltered off the 
30 fdtrate extracted with EtOAc. The oig«uc Uyer was washed with l.O W aqueous HCl. atul the 
Tr^c Uye, wa. dried over MgS04 ««• conc^ttrated I. The cnuie maum^ 

ch.onwtogr.ptad «> silica gel (2S4 to 5% EtOAe*«cane,) to give the titt. compound (sUghtly 
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impure as judged by *H-NMR) as a clear oil. This material was used in the next reaction without 
Amher purificalion. 

f'^) Mr»!TV' ^-S-difnrmvl.2.naphthoatc 

5 O3 was bubbled through a solution of slightly impure methyl 3,5-diethenyl-2-naphthoate (from 
the previous reaction) in CH2CI2 (30 mL) and pyridrae (2 mL) at -78 until a blue color 
persisted. Next, Me2S (2 mL) was added, producing a yellow color. The mixture wanned to rt 
over 18 h. All volatiles were then removed in vacuo. The crude material was chromatographed 
on silica gel (20:1 to 85:15 hexanes:EtOAc) to give the title compound (slighUy impure as judged 

10 by ^HKKIR). The materid was used m the next step without fortherpurift 

(^)S,Pnnnvl.1.hvdreyvnanhthQf2.3-c1faraTi-K3m-Qne 

To a solution of the unpure methyl 3,5-difonnyl-2-naphthoate in TEIF (10 mL) at it was added 
LO il/ aqueous UOH (5 mU 5 mmol). After ii hours, the reaction mixture was diluted wi^ 
15 and washed with Et20. The aqueous layer was acidified with 1.0 M aqueous HCl and extracted 
whh EtOAc The organic layer was dried over MgS04 and concentrated in vacuo to give the title 
compound (200 mg, 19% from methyl 3,5-dietfaenyl-2-napbthoate) as a wlute solid. 

^f)V^«.^f»rv-S.fftmiv1ni.phft,n^l^.fl1fiiTfln.inm-Qne 

20 To a solution of 5-fotmyI-34iydtoxynaphthoP,3-«lftinn-K3H)-one (190 mg, 0.83 mmol) hi 
pyridine (L66 mL) at rt was added Ac20 (126 mg. 0.117 mL, 1J15 mmol). The solution was 
stined at ct for 18 hours and then poured hito brine and extracted with EtOAc The extract was 
dried over MgS04 and eonoeatrated. The crude material was chromatographed on silica gel (?:1 
hexanes£lOAc) to give the title compound (100 mg. 44%). 

25 

rj) ^.Ar«>tnrv>S-hvdmrvrj»Hinnvtnanhthnf7,.^-r1furan-lf3fn-QnC 

To a solution of 3.acctoxy-5-formylnaphtho[2,3-cl£uratt-l(3H)-one (100 mg. 0377 mmol) In 
MeCN (0.373 mL) and H2O (0.150 mL) at it was added NaH2P04 (15 J mg, 0.097 mmol) 
followed by 50% H2O2 (0.026 mL). NaCl02 (l.O M in H2O, 0.518 mL) was added over the 
30 course of 2 h via syringe pump. The reaction mixture was then diluted with saturated aqueous 
NH4CI and extracted with EtOAc The organic layer was dried over MgS04 and concentrated to 
give the title compound (87 mg, 80%). 
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fli^ V-^^-rj»rhnnvU%hvHrttxvn>nhthnra.1wi1faTi.n-inffl^ne^^ fmcthvn (3- 

cyglohffxylpropYn 

The title compound was synthesized in a manner similar to that described for example IS. 
Electrospray Mass Spectrum (50/50 acetonitrilc/water + 0.1% ammonium liydroxide) m/z 509 
5 (M-H). 

Example 17 

PYBlfihcxYlprepYh 



10 

(ftj S.Ponnvl-6.hvdrpitv.Unaphthoie acid 

To a solution of 6-hydroxy-l-naphthoic acid (5.0 g, 37,6 mmol) in CH2CI2 (60 mL) at 0 was 
added 1.0 M TiCU m CH2CI2 (80 mL, 80 mmol) dropwise. After 5 min, CI2CHOCH3 (10.16 g, 
88.4 mmol, 8 mL) was added. The reaction mixture was then wanned to room temperature and 
IS stirred overnight The reaction mucture was cooled to 0 "C and quenched with 100 mL H2O. 
followed by 100 mL 1.0 M aqueous HCL The resulting mixture was filtered, and the remaming 
solid was dissolved in 100 mL l.O aqueous NaOH and filtered. The basic filtrate was acidified 
vdth i/ aqueous HO, and the resulting red solid was filtered and washed witii 1.0 M aqueous 
HQ and EI2O to g;ive the title compound. 

20 

fli)Methvl S-fotTnvl-6-hvdroxv-l-naDhthoate 

To a solution of 5-formyl-64iydroxy-l-oaphtiioic add (1.89 g, 8.75 mmol) m THF (200 mL) 
and EtOH (200 mL) was slowly added CH2N2 in Et20 until no SM remamed by HPLC The 
excess CH2N2 was quenched with a small amount of AcOH, and the volatiles were tiien removed 
25 fa wiciw. The resulting erode material was chromatographed on silica gel (85:15 hexanes:EtOAc) 
to give the titie compound. 

(e) Methyl S-formvU6>rftrifluoromethvhsu!fQnvl]Qxv-l-n aphthoate 
To a solution of metiiyl 5-foimyl-6-hydroxy-l-naphtiioate (500 mg, 2.17 mmol) in CH2CI2 
30 (102 mL) at It was added EtsN (483 mg, 4.78 mmol, 0.664 mL) followed by PhNTf2 (928 mg, 
2.6 mmol). The mixture was stined for 18 h and then dUuted with Et20 and washed with 1.0 M 
HCL The extract was dried with MgS04 and concentrated in vacuo. The crude material was 
chromatognphed on sUiea gel (20:1 hexancs/EtOAc), and tiie material tiius obtabied was 
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rtciystallizcd ftom hexaaes to give 1.0 g of a 3:2 mixtuie of the title compound and PhNHTf 
H0% yield). 

^A) |.|uy^||,^ yY-^,niethoxv T:-nrhftnvinftphthnft ?-rlfiTrnn'^(lffl-onc 

5 To a solution of a 3:2 mixture of methyl 5-formyl^-[(trifluoromethyl)suIfonyl]oxy.l. 
naphthoate (1.5 mmol ) and PhNHTf m DMSO (4.5 mL) at it was added Pd2(dba)3.CHCl3 (155 
mg. 0.217 mmol). and MeOH (4.34 mL). CO gas was bubbled through the mixture for 3 min and 
then EtjK (0.522 mU 3 .75 mmol) was added. The mixture was then heated to 60 CO gas was 
bubbled thnmgh the mixture for another 10 min. and the mbctute was stirred for an additional 30 

10 mfauTTie mixture was then poured Into 1.0 A/ aqueous HCl and extnicted^^ 

organio Uyer was dried over MgS04 «ad coaccntated in vacuo. The cmde material was 
chramatogcaphed on sUica gel (20:1 hcaanes:EtOAo) to give die title compound. 

15 To a solution of l-mctiioxy-6.methoxycarbonylnaphtiio[U-c]furan-3(lfl)^ne (160 mg, 0.588 
mmol) in TOP (10 mL) at rt was added 1.0 j;/ aqueous LiOH (2 mU 2 mmol). TTie mfacto 

stined for 2 h, acidified with I JO Af HQ and extracted witii EtO Ac. Tlic extract was dried over 
I and concentrated to wcw. The resulting material was carried i^^ 



20 /#> ^Hyrfrmrveftr W y^-^-"*^»^"^'>^"v'"""^^Q^^ ?-fr1flirBn-3f 1ffH?ng 

To a solution of l-hydroxy-6.hydroxycarbonylnaphtiio[U^l£uraa-3(l£0^ne in dry MeOH 
(15 mL) was added TsOH (150 mg) ami CH(0Me)3 (Oi mL). The nOxtore was stined at teflmc 
fbr2 b. The mixture was tiicn cooled to rt, dihited wifli toturated aqueous NaHCOa. acidified with 
AcOH and extracted witii EtOAc TTie extract was dried over MgS04 and concentrated to vacuo. 
25 The crude material was chromatographed on silica gel (85:15:1 to 66:33:1 
hexanes:EtOAc:AcOH) to give tiie title compound (120 mg. 79% from l-hydroxy^- 
hydroxycarbonylnaphtiio(l,2-clfuran-3(lfl>one). 

30 gyg|fthffy y!p">p^i^ 

TTie titte compound was syntiiesized in a mamier similar to tiuit described for example 15. 
Elcctrospray Mass Spectrum (50/50 acetonitrile^witer + 0.1% ammonmm hydroxide) m/z 509 
(M-H). 
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'^?r£?H ■ ■ il.tlin7yni-nin-yfmr,thvn»: 




To . solutJon of J^l5.(1.3.ditkioUn-2-y0-6-hydroxyD.phtho.2-yl^L-QU(O U 

^ «ia. E«M. Th, «g«ao l.y« WW. brine, dned o^ 

eooceidt»«ed ta vBei» to gh» to title compouiMJ (^^ 

25 wU<Avi« used wUhom further purifU»ti^^^ 

OjffrT r HMrnirr-*--^^-^ .nnhthn 7 Yn-TrrTiii-?yfni^^hvlH2. 
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The tiUe compound was ^nthesired in . m«mer simn» to thtt described for exunple 15. 
Heewspray M«s Sp«*»m (SO/SO wetonUrile/water + 0.1% «n«om«« bydwxide) miz S39 
(M-H). 




/.) <.FnfiiivU.iiYiinniY-^-""r''*''"'° 

To a mfaome of 941 mg (S.O mmol) of 6-hydtoxyMphthoic acid in 20 mL of (CH2Cl)2 at 0 C 
10 under N2 «.s added 1.0 mL (11.0 mmol) of CHCbOMe foUo^ed by 1.15 mL (10.5 mmol) of 
nCU (added slowly). Tie mixtmo was stined at it ovenilgW. then eooled to 0 and diluted 
wM. 25 bL of 10% aq HCl. Ib^ mixture was e«r«=ted with 3:1 EtOAc-THF uid the extract 
wuhed with 25 mL of I M aq HCL The first aqueous layer, whieh had suspended sohds. was 
fiter^landthopinksoUdwashedwWilWaqHa The «dM wa. dried under high vacuum over 
15 P205 affording 197 mg. The filtrate was reextracted once with 3:1 EtOAcTTO «id washed 
wUh tiie second aqueous Uyer. The combined extracts were concentrated fe wwio affi)idmg an 

«Uitoal 752 mg of rf«at 90% purity. Eleet««p.ay Mass Speetmm (50/50 «=etoBitrileA™tef + 

0.1% ammonium l^dtoidde) m/z 215.06 (M-IQ. 

20 ^} vrafl,ioi,m-7-yi>Ai««tm«v.7.ii.nhthnic tM . , , , 

To a suspension of 184 mg (0.85 mmoQ of 5-fotmyK.hydroxy-2.n.phthoic acid m 4i mL of 
CHjaj at 0 *C underN2 was added 0.23 mL (1.79 mmoD of BF3.0Et2 fallowed by 0.07 mL of 
1.2-ethaneditUoL The mhturo was stirred at rt for 4 days. The mixture was then iUuted with 
10 mL of I W a, HCl and EtOAc The lesultmg mbttuie was stirred vigorously for 45 mm and 

25 then octracted with EtOAc. The organic Uyer was washed with 10 mL of H2O foUowed by 10 
mL of brine. The «p»ous washes were reextracted once with EtOAc. «id the combined emc^ 
weredriedoverMgS04«»lconc«.,n«edtoadaricr«lsolid. The material was purrf^^ by flash 
chromatography on silica get Etotion with 20:1 CHCl3-MeOH foUowed by 15:1 CHClj-MeOH 
larded 164 mg (66%). TLC (15:1 CHCl3-MeOH). Rf 0.27. 



30 
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n-ffYr'"'"'"''"""'^" . 

To a Mtetlott of 155 mg (0.530 nmiol) of 5-(1.3-DithioUin-2.yl)^hydroxy.2.naphtho.c acid 

.ad 220 mg (0.557 mmot) of that L.Qlu(OtBu)-N(mcthyl) (3-oyciohexylpropyl) (WO 

5 97/12903) in 4 mL of 3:1 CH2CI2.DMF at 0 "C under N2 was added 0.14 mL (0.795 mmoD of 
DIEA. 97 mg (0.636 mmoD of HOBT. and 122 mg (0.636 mmol) of EDC. TTe mime »«s 
rtteed at rt for 3h and then poured into 5 mL of I W «1 citric acid. Tte mixture was extncted 
with ElOAe. »«1 the exl«ct v«s washed with 2x10 mL of H2O «id 1x10 mL of brine. The 
«,„eous washes we» «extiacted once with EtOAc and the combined extracts were dried over 

10 MgS04.ndeoncentratedtovac«otogive4»9mgofad.rkyeaowresldue. Theeiudeoater«l 

„„4««fied by ftash <Jiiom«08t«pl«y <m riUca get Etation with 1:1 BtOAchexaaes afforded 
306mg^4%)ofayeUowgMia. TLC(1:1 hexanes-EtOAc).Rf 036. 

m flK fT l lT T iinlnlr r r'-"""""^-^-^' 3.«iiihiotaii-?,-vlVinnhthfh?-YlVIrrTlafff-l . l- 

To a mixture of 305 mg (0.496 mmol) of //-[5<U-DithioUn-2.yl)-6-hydroxynaphtho.2.yl>L. 
01«(0tBuyW(methyD (3<yclohexylpropyDhi 3.0 mL of CH3CN at rt under N2 was added 034 
oL (2.4$ mmoD of CCU <md 0.18 mL (1.04 mmol) of DIEA. The resulting solution was cooled 
to .5 'C lesulthig m the formation of a precipitate. To this mfaame was added 6 mg (0.05 mmol) 
20 ofDMAPfcltowedby0.16inL(p.719mmol)ofdiben2ylphosphitc. The resulting solution was 
rtirred for 45 mm whUe wanning 10.5 -C The reaction mixmre was then ditated ^4 1 mL of 
0.5WaqKH2PO4. The mixture was stirred vigorously for 10 min at tt. dtUiled with 5 mL of 
H2O BidertactedwiHiBtOAc. The extract was washed with 5 mL of H20«id 5 mL of bnnc. 
The queens washes were leextracted once with EtOAc, and the combined extracts were dn^ 
25 over MgS04 and comxntnoed to vaei» to 490 mg. The ertide material was purified by flash 

chromstography on siUca gel. EluUon with 1:1 EtOA<>hexanes foUowed by 33 EtOAo-hex-ies 
.ffimled 413 mg (95%) of a light yeUow gum. TLC (1:1 hexanes-EtOAc). Rf 034. 

30 mifthffXYlP™ py^^ a. J 

ToasotoUonof 500mB(2J» mmoDofNBS in3.7 mLCHjCN/l.O mLH20 atO-C was «ldcd 

. solution of 410 mg (0.469 mmol) of W-t6KDibenzylphosphonooxy).S-(l.3^ithiol.n.2.yl)- 
naphtho-2-yll-L-Olu(0-l.l-dtaethyIethyl).W (methyl) (3^lohexyIpropyD i» 2-2 "L of 
CH3CN followed by two 0.5 oL rinses. After I i h, the reacUoa mixture was diluted with EtOAc 
35 and poured tato 5 «L of stfwated a, N.HSO3. The layers were sep««ed. ««1 the org^c 
extraetwuwashedwlth5mLofsatur«eda,N.HC03.SmLofH20.««15mLofbrine. The 
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10 



15 



20 



aqueous washes w«« rtcxtmcted once with EtOAc, and (he combined extiacts wcie dned over 
MgS04 and cooccntnued/n vacuole p«)vide492mgofcnidemat^^^ I H-NMR revealed the 
presence of a significant amount of succinimlde. Flash chromatogi«phy on silica silica gel eluting 
with EtOAchexaaes Med to separate the desired compound fiom the succinimide. therefore the 
mixture was carried into the next step. 

i yv<,r»n.vi.«.ni,n Trhr— ' ^' ^""^'"^'^ n-mlftliCTYlpn>iiYl) 

A Mlation of 473 mg of . mfadure of JV-K6-dibenylphosphonooxy)-5-fonBylnapMho.2-yl.U 
0!u(0.1.1-dimethyle4yl)-W (melhyO O^lohexylpropyl) "ul succinimide in 4.1 mL of 95% 
«meo«tdning0.1mLof«u»le««sti«ed««&c3h. Tlie wlution w» cone^^ted 
under a flitam of N2. The itmaining daik pink leridue wu pwiW «V 
a»U«l dnttai ftam HIO containing 0.1% TOA to CH3CN eonUuning 0.1% TFA afforied 143 
mg (54% from //.[6^ibenzylphosplIonooxy>5Kl.3HUthiolan-2.yl>naphtho-2-yl^I^l^^^ 
I.l^ethyletl.yl)-W (methyl) (3^dohexylp»pyl).of *e title eomp«md « a v*ite solid. 
Eleeuospiay Mass Spectnm. (50/50 acetonhrileN^ter + 0.1% ammonium bydioxide) mlz56l21 
am >H NMR (300 MHZ. DMS(W6) d 10.70 (s. IH). 9.15 (d. J = 9.0 Hr. IH). 8.74 (dd. J - 
160.«.0Hz.lH).8.59(d.J = Z«Hz.lH).839(d.I-9.lHz.lH).«.15(dd.J-«5.X61^ 
IHV 7.68 (d. J - 9.0 Hz. IH). 4.98 (br. IH). 3.58-3.16 (m. 2H). 3.U. 2.83 (s. s. 3H). 2J7 (hr. 
156-1.91 (m. 2H). 1.64-1.45 (m. 7H). 1.12-1.09 (m. 6H). 0.88-0.81 (m. 2H) ppm. 



ffff«, p.^..»„«winHn i 7-i .n..^n..i.T^i..rnmu^ NrnfttiYiyifYt^lflhmlBreBYa 




25 TO 5-bydroxy.2.1adelecar,K.xyUc acid (1.64 mmoi. 0^91 g) in 

added ««1 W3lu(OtBu)-N(»e«hylX3-«yclohexylpropyl) (1.64 »«ol. 0.562 g) fo"^ 
addition of l-(3^ethylaminopnwl)3-«tliyt«««>odii»ide hydrochloride (1.64 mmol. O^JIS g) 
„4 HOBT (1.64 mmol. 0022 g). After strirring 14 h at rt. the reaction «.«»re ^ 

co^^ The residue was t.k«. up in ethyl acetate (50 «L) '^J^,^^^ ^ 
30 ,0%b,d.oehtorio acid (50 «L).^ (50 mL).«i«eo»s saturated sodmmb,c»bona^ 

^ hL (50 «L). Th. crg-Oo layer «s dried over magnesium ^^^J^ 
chrom«ognM*y of the ,«idn, (2:1. h««aae/elhyl «e.«e) g«r. the product as a whit. «.!«. 
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(0.626 g, 77%). TLC: Rf 0.80 2/1 hexmes/ethyl acetate; MS: (50/50 acctonitrilc/watcr). MS [M 
+ H1'^ 500. 

5 m-i^hrrXYlnropYi) ^ 

This compound was prepared foUowing the procedure of example 16. step d. MS [M + H] 760, 

(.)|y- ff<.phn.phnnnYvindt>l- 7 -rlV^rhftnv!U^1»rOtR«VN(methYi) fS'gYgighCXYlPrQPY l ) 

Tliis compound waa prepared foUowing the procedure of example 16, step t The crude material 
was purified by HPLC to yield a white solid (25 mg). MS : (50/50 acetonitrile/water) MS [M + 
10 Hl^-r524; NMR (300 MHz, DMSO) : 6 735 (m, 2H), 7.20 (s. IH). 7.00 (s, IH). 4.95 (bs, 
IH). .3.05 (m, 2H). 2.80 (s. IH), Z30 (m. 2H). 1.65 (m. 12H), 1.40 (t, 3H), 1.12 (m. 5H). 

IS 7-y1Vft«hvlegffaim«y1V>thv1U p^^ylVdiflMonvmeth^^ BOld 




?-n,WvHfnrvfiTnnvlsn1fBnvlVQhenQl 
20 2-Hydroxythiopheaol (1.00 g. 8.70 mmol) was added to a mixture of DMF (10 mL) and CS2CO3 
(2^0g.8J90mmoI). To this was added S^womopropanol (OJJO mU 9.16 mmol) and the 
mixture was stirred for 20 min. Ue mature was added to mto water and extracted with EtOAc. 
TTie combmed extracts were washed with water, dried over magnesuim sulfiste and concentrated ti 
a clear oil (236 g, t00%). MS [M - H]* 183. 

25 

(h) 7.«.Dihvdro-6tf- ff-^y«>Q-thift.hen«>evclQheptene 

To 2-(3-hydroxy.propylsulfauyl>-phcnol (192 g, 158.5 ramol) in THF (450^ mL) was added 
triphenylphosphine (52.0 g, 200.0 mmol). Hie solution was cooled to -40 C and diethyl 
azodicatboi^late (31.5 mL, 164.0 mmol) was added slowly. Ue solution was warmed to ft and 
30 stiiredfor2.5h. The THF was removed by evaporation and the residue was treated with I L of 
EI2O. live formed solids were fdteied ofi; and the filtrate concentrated to an oil which was 
purified over siUca gel (10% EtaO/hexane) to a pink oil (16.2 g, 61%). 
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To 7.8Hia.y<l«.^H-5<x«.9-thiii4*«ocycto^^ (162 g. 97 nunol) in 250 bL of Ay 

was «id«l .emuncU.yIea.ylcn. di«ni„e (16 mU 106 mmol). Uc soton cool«^ to 
5 0 -C «Kln-butyUitiun. (1.6 M solution in he««e. 73 mL. 116.8 mmol) ^ slowly «ldcd wdh 
«i™g. AU«<oto«dprecipimeriowly«««dU,fcna»«l»meg.s.vo.«aono«^^ 

««hennicte.caonocc«.«L T^, w« dUutrf wiUi 300 nO. e^yl «oWe «id 4 NHCL 
Atodl«.Udsdi«ol«d.fteo.g«JcU,*rw«w«hedwttlrlNHa The «M >m «cn«:^ 

witfilONHatopHl. Ext«cti9n«Widhyl.cet^(2x2S0«iL).dnringoverNnSO4«.d 
«,„e«tfraio«yieVWtl»conp«u«l«atm»Bd(16^g.8in).M^ 209. 

To 7.8.dil.ydro^-5^thi*beo«c,cloheptene^^^U^ acid (16.5E. '" t >^°« J" 
100 ;lDMFw« added in succession «UdH0BT(2Ug.IS73aunol).«UdEIX)hyd«ch^^ 

(30.1 g. 157.0 mmol). «.d 25'/. «i«eo»s »nmoma (18 ml, 128^ mmol). After sd«i«g to 48 h. 
the reaction mlxtoe was dilated with 200 mL ethyl acetate and washed with water. IN HCU 
«IlSKaHC03..ah«.cdNH4Cl.andbrine. D.yingoverN.2S04«»lconce„t„U.ony.clded 

20 tho «nidc as a tan solid (10^ g, 64%). 



IS 



25 



SoBd.lumimnnd^e(?.0g.67.7mmoDw..-«P«--'n»-Pl'«f«^^^^^^ 
.a The 7.8..Iihyd«^.S^-9-tiiU4«mx7clobeptene4<art«^ «cul ~nide (^1 g. I" 
„„«oDw.s«Ided.s.«.tadoni«20mLdichl««omeU«ne. The deep green «,l«tion was rtmed at 
0 "C for W Bin. ti«a neat M*»yl chloride (10 bL. 140^ mmol) was -Med dropwue wtth 
sfeiog. TT,esuspcnsionwasstirred.tO.Cfor20«in..henatnfor30h.The,^»w.s 
™eoehedwifl»4NHaando<lractedrepe.tcdlywidxethyl.cetate. DoringoverN«2S04«d 
Le«t.«U«yeiUed.hec«dep»d«et Sb» (eM y»«kM 
30 (Ug,44%).MS!M-Hl'286. 

riLdS^DMF. Solida^CO, (4.93 g. 15.1 ™noO was «lded. fcttow^l hy e^yUc amounts 
«fH(0.1g). Tl.esuspensionw.sw«m«..o70-Cund«nit,ogen«.dw»sUncdfor^^^ 
AteLl2*itw.sdaut«lwi.hc.hyl.ce.«eand««.ugh4NHCttom.kethepHabo«t2. The 
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aqueous layer w emcted with more ethyl acetate. TTie combined organic teyers were washed 
with water and brine. Diying over Na2S04 and concentration yielded the product as a solid (I g. 
40%). 

amide 

To 2-acctyU7.8-dihydro-6i/-5-oxa-9-thia-benzocyclohcptcnc-4-carboxyUc acid amide (0.40 g, 
1.59 mmol) suspended in EtOH (10 mL) was added NaBH4 (0.060 g, 1-59 mmol). TTic mixture 
was stirred for 5 min. made acidic with I N HO. and the ElOH removed in vaamo. TTie aqueous 
10 was extiactcd with EtOAc The combined extracts were washed with water, dried over magnesium 
sul&teandconociitnt6dtoafo8m(OJ5g,87Vo).MS[M + H] 252. 

This compound was prepared as fior example I (d). (0.26 g, 66%), 

n\ 9^i-AfniTi(>-etliYp.7 R^ihvrim.6 ff-^^y«-o-thi«-hCT7orvclohentene^^^riTff?tYti flPid ftmWg 
To 2Kl-aado^thyl)-7,8-dihydro-6i^5-oxa.9-thia-bcnzocyclohcptette-^ acid amide 
(0.20 g, 0.73 mmol) in THF (5 mL) was added water (O.IO mL) and triphenylphosphine (0.19 g, 
0.73mmol). Tl» mixture was heated to 50 ®C for 20 h. evaporated, and chomatog^ 
20 aUca gel (10 % MeOH/CHaa) to give a coloriess oil (0.10 g, 55%). 

^ ffa,ffRV%Acrtvlam] n»-^gV'^'"-^4^rt)«mov1-7.8HiihYdm*(T 
This compound was prepared as for example 3 (a-b). MS (M + HI 572. 

25 
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Claims 



1. 



A compound of the fomnula: 




wherein 



Yls 




or 



(c) 



G is -O-. -S- or -NR-; 

comprises -APOgRR'. -OPOgRR*, -ASO3R, -OSO3R, -ACOgR, -A-tetrazole, 
-ASOgNRR'. -ACOCF3. -C(0)J. -C(R)(J)(K) or -C(Z)(J)(K); 

where each occurrence of A is independently a covalent bond, -G-M- or -(M)^-; 

each occurrence of M is an independently selected, substituted or unsubstituted, 
methylene moiety, and any M-M' nioiety may be electronically saturated or unsaturated; 

each n is independently 0, 1 , 2, 3, 4 or 5; 

each m is independently 0. 1 or 2; 

J and K are independently -APO3RR', -OPO3RR'. -ASO3R, -OSO3R, -ACOjR. 
-A-tetrazole. -ASO2NRR'. -{M)„-NRR' or ^M)^-OR: 

Z is a halogen; 

R^ and R® are Independently R, -CN. -NOg. 2. J. -A(M)„aliphatic, -G(M)„aliphatic , 
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-A(M)„N(R){CO)R\ -A(M)„N(R)(CO)GR'. -G(M)„N{R)(CO)R'. , ^ 
-G-<M),N(R)(CO)G'R'. -A-(M)„-CO-NRR , or -G{M)„-C0-NRR'. where the 
aliphatic groups may be substituted or unsubstituted; or R^ is a covalent bond to an R* 
substituent of X to form an aliphatic, aryt or heterocyclic ring of 4 to 8 atoms which may be 
saturated or unsaturated; 

each occurrence of R (unnumbered) represents hydrogen or an aliphatic, heteroaliphatic, 
aryl. heteroaryl, (aryl)aliphatio-. or (heteroaryl)aliphatio- moiety, each of which (other than 
hydrogen) may be substituted or unsubstituted; 

q is an integer from 1 to 8; 

r1 is hydrogen, aliphatic.-{M)„-^cloaliphatic. -{M)„-aryi. or -{M)„-heterocyclic. each of 
which, other than H. may be substituted or unsubstituted; and R^ is hydrogen or 
substituted or unsubstituted aliphatic; 

or R^ and R^ are covalently linked together to form a ring; 

or R^ or R^ are covalently linked to B or a substituent of B to fomi a 4 - 10-membered ring 
(which may be saturated or unsaturated); 

Xis:-(CR^RX-or-NR^-; 

r3 Is hydrogen. R(CO)NRS RRN(CO)NR"-, R'SO^NR-. R'C(S)NR-. RR NCSNR"-. 
RR NSO2NR"-. R'OCONR-. RR'N-. or 

q^^CONR— • 

R* is hydrogen, aliphatic. cycioaliphatio-(M)„-. aryKM) heterocyclic-(IVI)„-. 
R-SOgM^- . (RO-CO)(M)„- or (RR'N.CO)(M)„-. where the aliphatic, cycloaliphatic. 
atyl or heterocyclic moiety is substituted or unsubstituted; 

Bis 
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where 

R^' and R^** are independently selected from -(Mj^^R, -G(MJR, -(M)^Z, 
-(M)„CN. -{M)„GR. -(M)„NRWR, -{M)„NRW-GR, -(M)„W-R. -G-(M)„W-R. and 
-<M)„W-GR, or R^*^ and R^** are covalently linked together to fonn an aliphatic, 
hetercydic or aryl fused ring; 

r12 and R^3 are independently setected from the group consisting of hydrogen, 
aliphatic, heteroaliphatic, aryl, heteroaryl, (aryl)aliphatio-. or (heteroaryl)a!iphatic. each of 
which (other than hydrogen) may be substituted or unsubstituted; or R^^and R^^ are 
covalently linked together to form a heterocyclic moiety; and, 

U and W are independently -CO-, -CS-, -M-, -SO-, or -SOg-; 
or a phamnaceuticaUy acceptable derivative thereof. 



2. A compound of daim 1 of the formula: 



14 










or 











3. A compound of daim 2 containing a R*^ moiety which is H. 

4. A compound of daim 2 in which R^ and R'* are H. 

5. A compound of daim 1 or 2 wherein n Is 0, 1 or 2. 
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6. A compound of daim 1 wherein X is -CHCNHgh- 



7. 



A compound of claim 1 of the formula 




where comprises a substituted or unsubstituted iower aliphatic or aikoxyi or is a 
substituted or unsubstituted -<M)„-naryl or -(M)„-heterocyclic group. 

8. A compound pf claim 7 wherein comprises -W^p^y ^'^)n^^'' 
-(IVl)nheterocyclic. -(Mj^CN or-{M)nCOOR, where n is 0. 1. 2, 3. 4, or 6. 

9. A compound of claim 7 wherein R^ is a methyl, ethyl, propyl, butyl, pentyl, hexyi, 
benzyl, aryl, heterocyclic, -(CHgHiryl or -(CHghheterocyclic moiety, which may be 
substituted or unsubstituted. 

10. A compound of claim 7 wherein R^ comprises -(CNgj^CHg, -(CH2)(CH2)naryl, 
-(CHgXCHgjnheterocyclic, -(CHgjCCHgjpCN, or -<CH2)(CH2)nCOOR, where n is 0. 1 , 
2, 3, 4, or 5. 

11. A compound of claim 1 0 wherein R^ comprises -CHgCN, -(CHgjCOOR, 
-(CHgjgCOOR. -(CHglgCOOR. -(CH2)4COOR. where R is H, lower aikyi or benzyl. 

12. A compound of claim 10 wherein R^ comprises -CHsubstituted or unsubstituted 
lower alkyi or benzyl). 

13. A compound of daim 1 of the fomnula 
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Where R* Is hydrogen, substituted or unsubstituted aliphatic (which may be branched, 
unbranched or cyclic), substituted or unsubstituted aiyHM)„-. substituted or 
unsubstituted heterocyclio-(M)„- or (C02R)(M)„-. 

14. A compound of dalm 13 wherein R* is -(M)„(CO)OR. -i^^SO^n. 
-<M)„(C0)NRR'. or-(M)„(tetrazole). 

15. A compound of daim 14 wherein R* is -CHjCOOR. -CH2S02R. 
-CHjCCOINRR" , or-tetrazole. 

16. A compound of daim 14 wherein ea* R and R' is independenUy H. lower alkyl or 
benzyl. 

17. A compound of claim 1 of tiie formula 



Y Ri* 
0 rV 

where R* is hydrogen, substituted or unsubstituted aliphatic (which may be brandied. 
unbrandied or cyclic), substituted or unsubstituted atyKM)„- substituted or 
unsubstituted heterocycflo-(M)„-. or (C02R)(M)„-. 

18. A compound of daim 17 wherein R* is hydrogen. 

19. A compound of daim 1 of the formula 
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20. A compound ot any of claims 7-12 wherein R and R' are H. 

21. Acompoundofanyofclaim8l-20whereinR'*isH. 

22. A compound of any of claims 1 - 21 . having the fomiula: 

Wherein R^ Is H. and R^ comprises H. -(M)„H, -<M)„-<8ubstituted or unsubstrtuted lower 
allcyl). -^fJI)„-{substituted or unsubsWuted aiyl). -(M)„-<substituted or unsubstltuted 
heterocyclic). -(M)„COOR, or -(Ml^CCOjNRR. 

23 A compound of claim 22, wherein R^ is methyl, ethyl, i-prapyl. n^,ropyl. n-butyl. 
isobutyl. n-amyl. sec-amyl. isoamyl. substituted benzyl. -CHj-iS-indolyl). 
-CHzCHjCOOR. ^HaCHjCONHa. -CH^COOR or -CHfiOUH^. 

24 A compound of claim 1-21 . wherein R' and R^ are Independently selected, 
substituted or unsubstituted lower aliphatic groups, or R^ and R* are covalently linked to 
each other to fomi a ring. 

25. A compound of daim 1 - 21 . having the fomtula 



wherein each of h\ R'. and R^' is independently selected from H. -<M)„H. 
-(M)„K8ubsUtuted or unsubstltuted lower alM)MM)„48ub^^^^^ 
aryl)"-(M)„-<substituted or unsubstltuted heterocyclic). -(M)„-COOR and 



-(M)^(CO)NRR . 
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26. A compound of daim 25. wherein each of R^ R^". R*. and R^" is H. 

27 A compound of ciaim 1 - 24. wherein at least one of R^ and R^ is methyl, ethyi. 
i-propyl. n-propyl. n-toutyl. isobutyl. t-butyl. n^myi. seo^yl. isoamyl. substituted 
Jenzyi. ^-{Wndolyt). -CH.CHaCOOR. -^JH^CH^CONH^. -CH3COOR or 
-CHgCONRR', or R^ and R* are covalently linked to fonn a ring. 

28. A compound of claim 25, wherein at least one of R'. R^'. R^ and R^' is methyl, 
ethyl, i-propyl. n-propyl. n-butyl. isobutyl. t-butyl, n-amyl. seo-amyl, Isoamyl, 
substituted benzyl, -CHj-O^ndolyl), -CHaCHjCOOR. -CH2CH2CONH2. 
^HjCOOR or -CH2C0NRR', or two of R\ R^'. R^ and R*' are covalenUy linked to 
form a ring. 

29. A compound of any of claims 1-28, wherein Y comprises 



30. A compound of claim 29 wherein 

r6 comprises -APO3RR'. -OPO3RR, -ASO3R. -OSO3R, -ACOjR, -A-tetrazole. 
-ASOjNRR'. -ACOCF3, -C(R)(J)(K) or -C(Z)(J)(K): and 

r' and R» are independently H. -CN, -NOj, halogen. J. -A-(M)„aliphatio. 
-G-(M)„aliphatio. -{ND^COCFj, -(M)„OH. -(M)„COOR, -A-(M)„NRR', 
-G-(M) NRR. -(M)„CHO. -A-(M)„N(R)(CO)R'. -G-{M)„N(R)(CO)R', 
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-A-<M) -00-NRR\ or -<3-(M)^-C0-NRR\ where the aliphatic groups may be 
substituted or unsubstituted; or R^ is a covalent bond to an R* substituent of X to form 
an aliphatic, aryl or heterocyclic ring of 4 to 8 atoms; 

31 . A compound of claim 29 wherein 

r6 comprises -APOjRR'. -OPOgRR'. -ACO^R. -ACOCF3 or -C(R)(J)(K): 

A comprises -CH2-. -OCH^-. -CF^-. -CHF- . -CHOH-or a covalent bond; 

each R and R' is H. or substituted or unsubstituted lower alkyi or substituted or 
unsubstituted benzyl; and, 

fC and R« are independently H. J. -A-{M)„substituted or unsubstituted aliphatic. 
-G-(M)„substituted or unsubstituted aliphatic. -(M)„C0CF3. -{M)nOH, -(M)„COOR. 
-A-{M)„NRR, -(M)„CHO. -A-{M)„N(R)(CO)R' or -A-{M)„-CO-NRR . 

32. A compound of daim 29 wherein R* comprises -PO3RR', -OPO3RR . 
-CH2PO3RR'. -CF^POgRR'. -OCHjCO^R, -NHCH^CO^R. -CHgCO^R. 
-CF2C02R.^H2S03R.-CF,S03R. ^H,C0CF3. -CF^COCF,, -CH{P0,BR\. 
-CHCOHMPOjRR'). -CH(NH2)(P03RR'), -CH(C02R)2. -CF(C02R)2. 
-CH{P03RR"){C02R"). -CH(P03RR')(S03R"). -CHtPOjRRKSOaNHj). 
-CHCSOjNHjj)^. or -CHCSOgRR^. 

33. A compound of daim 32 in whtah one or more of R. R' and R" In the -PO3RR'. 
-0P0,RR". -CH2PO3RR'. -CFjPOjRR", -OCH2CO2R. -NHCH2CO2R. 
-CHjCOjR. -CFjCOgR. -CH2SO3R. -CF^SOjR. -CH2COCF3, -CF2COCF3, 
-CH(P03RR')2. -CH(0H)(P03RR'), -CH(NH2)(P03RR'). -CH(C02R)2. 
-CF(C02R)2. -CHCPOgRR'XCO^R"), -CHlPOgRRKSOgR"). 
-CHCPOgRRMSOjNHj). -CHCSOjNHgjj. or -CH{S03RR")2 moiety is H. 
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34. A compound of daim 32 in which one or more oJ R. R" and R" in the -PO3RR . 
-OPO3RR', -CHjPOgRR". -CF^POjRR'. -OCHgCOjR. -I^HCHjCO^R. 

-CH2CO2R.-CF2CO2R.-CH2SO3R. ^FjSOgR. -CH2COGF3.-CF2COCF3. 

-CH(P03RR*)2. -CH(0H){P03RR'). -CH(NH2)(P03RR'). -CHCCOjR)^, 
-CH(P03RR)(C02R"). -CH(P03RR')(S03R"). -CHCPOgRRKSO^NH,), 
-CHiSOjNHj)^. or -CH(S03RR )2 moiety is -<M)„CH^^. -{M)J^HZ^. -{M)J^h- 
_Ri5, _M^0-R15 or -KWD-C0-0R^5. ^ere Z is halogen and R« is substituted 
or unsubstituted lower attphatio, aryl or heterocyclic. 

35. A compound of claim 34 in which R« is methyl, ethyl, n-propyl. i-propyl. n-butyl. 
isobutyi. t-*utyl. n-amyl. sec-amyl. benzyl or substituted benzyl. 

36. A compound of daim 32 - 35 wherein R^ and R" are H. 

37. A compound of claim 32 - 35 wherein r' Is J, -A-{M)„(substituted or 
unsubstituted aliphatic, aryl or heterocydic).-G-(M)„(8UbsOtuled or unsubsm^ 

aUphatic. atyl or heterocyclic). -<M)„C0CF3. -{M)„OH. -(M)„COOR. -A-(M)„NRR\ 
-<M)„CHO. -A-{M)„N(R){CO)R'. -A-{M)„-NRR- or -A-{M)„-CO-NRR: and R« is 
H. 

38. A compound Of daim 32 - 35 wherein R' Is lower alkyl. tower alkenyl. -OH. 
-NHj. -NOg. -CN. -WHR. -NHCOR. -CHO. -CHjjCHO. -P03RR'. -0P03RR'. 
-CH,P03RR. -CF2PO3RR. -OCHjCOjR. -NHCH^CO^R. -CH^CO^R. 
-CF2CO2R.-SO3R.-CH2SO3R.-CF2SO3R. -COCF3.-COCH2F. -COCF2H, 
-CFjCOCFj or -SOjNHj. 

t 

39. A compound of claim 38 in which one or both of R and R' in -PO3RR , 
-OPOgRR*. -CH^POgRR. -CF^POgRR*. -OCH^CO^R. ^NHCH^CO^R. 
-CH2CO2R. -CFaCOgR. -SO3R, -CH2SO3R. or -CF2SO3R is H. 
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40. A compound of claim 38 in which one or both of R and R* in -PO3RR , 
-OPO3RR . -CH2PO3RR'. -CF2PO3RR', -OCHgCOgR. -NHCHgCOgR. 
-CH2CO2R. -CF2CO2R. -SO3R. -CH2SO3R. or -CF2SO3R is -{Mj^-CHgZ. 
-{M)^-CHZ2. -(M)^-CZ3, -R^^ -M-0-C0-R^5 or -M-O-COOR^^ where Z is 
halogen and R^^ is substituted or unsubstituted lower aiiphatic. aryl or heterocyclic. 

41 . A compound of claim 40 in which R^^ jg methyl, ethyl, n-propyl. i-propyl, n-^DUtyl, 
isobutyl, t-butyl, n-amyl, sec-amyl, benzyl or substituted benzyl. 

42. A compound of claim 29 wherein R^ comprises -APO3RR' or -OPO3RR' and R^ Is 
-A-(M)n- aiiphatic or -GKM)^- aliphatic, where the aliphatic moiety is substituted or 
unsubstituted. 

43. A compound of claim 36 or 42 wherein R^ comprises -OPOgHg . 

44. A compound of daim 29 wherein R® and R^ are independently selected from J and 
K. 

45. A compound of claim 29 wherein R® is -C{R)(J)(K). 

46. A compound of daim 45 wherein R is H. 

47. A compound of daim 45 or 46 wherein J is -PO3RR . 

48. A compound of daim 47 in which one or both of R and R' are H. 

49. A compound of daim 47 in which one or both of R and R* are R^®, -(Mj^-OHgZ, 
-(M)^-CHZ2. -(M)„-CZ3. -M-0-C0-R^5 or -M-O-CO-OR^^ where Z is halogen 
and R^s is substituted or unsubstituted lower aiiphatic. aryl or heterocyclic. 

50. A compound of claim 49 in which R^^ is methyl, ethyl, n-propyl. i-propyl. n-butyl. 
isobutyl, t-butyl, n-amyl, sec-amyl, benzyl or substituted benzyl. 
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51 . A compound of daim 1-50, comprising a moiety B of the fomiula 




|9 



Where R^' R^** and R^^ are independently selected from -(M)j,R. -G(Mjj)R, -(M)„Z. 
-{M)„CN, -(M)„GR. -(M)„NRWR. -(M)„NRW-GR. -(Mj^W-R. -G-{M)„W-R. and 
-(M)„W-GR. 

52. A compound of daim 51 comprising a moiety B of the formula 



53. A compound of daim 52 in which R^ is H or -WGR and R^** is -G'M„R'. 



55. A compound of claim 54 In which R® Is H or -C(0)NH2 and R^° is 
-0(CH2)n(aliphatic or cydoaliphatic). 

56. A compound of claim 55 in which the aliphatic or cydoaliphatic group in R^° is a 
substituted or unsubstituted methyl, ethyl, n-propyl, n-butyl, t- butyl, n-pentyl, or 
benzyl moiety or comprises the formula -CHR^^R^^ where R^^ and R^^ are 
independently selected lower aliphatic groups or are covalently linked together forming a 
cydoaliphatic ring. 

57. A compound of daim 55 in which n is 1 or 2. 




54. 



A compound of daim 51 - 53 in which R^"" Is H. 
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58. A compound of daim 56 or 57 In which R"*" is -OCHgCHMOg, 
-OCHgCHCMeXEt), -OCH2CH{Et)2. -OCHgCHiMejCPropyl). -OCHgCHlEQC Propyl), 
-OCH2CH(Et)(Propyl). -OCH2CH(propyl)2. OCH2cyclopentyl. OCHgCyclohexyl or 
OCHgcycloheptyl. 

59. A compound of daim 51 wherein one or more of the R, R* and R" groups of R^' 
R^o and R**^ contain at least one substituent selected from halo, hydroxy, aliphatic, 
amino, amido and sulfonamide moieties. 

60. A compound of any of claims 1 - 50 in which B Is -C(0)NR'*2R^^. 

61 . A compound of daim 60 in which R^^ ;s ipwer alkyi and R"*^ is aliphatic, 
-Mn-cydoaliphatic. -M„-aryl, -Mn-heteroaryl. or -M^COgR, where the aliphatic, 
cycloaliphatic. aryl or heteroaryl moiety(ies) is(are) substituted or unsubstituted). 

62. A compound of daim 61 in which r" Is -(CNgj^-aliphatic 
-(CHgjn-cydoallphatic. 

63. A compound of daim 62 in which n in R^^ is 2 - 4. 

64. A compound of any of claims 1 - 60 of the formula 
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